VOLUME 70 July, 1954 NUMBER 1 


THE AMERICAN REVIEW 
TUBERCULOSIS 


A Journal of Pulmonary Diseases 


OFFICIAL JOURNAL OF AMERICAN TRUDEAU SOCIETY 
MEDICAL SECTION OF NATIONAL TUBERCULOSIS ASSOCIATION 


CONTENTS 


Tenth Anniversary of the Discovery of Streptomycin, The First Chemotherapeutic Agent 
Found to Be Eflective Against Tuberculosis in ones Setman A. WAKSMAN 

Historical Notes on Earliest Use of Streptomycin in Clinical Tuberculosis. H. Corwiy Hinseaw 

The After-History of Pulmonary Tuberculosis: III. Minimal Tuberculosis. N. Srantey Luv- 
coLN, Epwarp B. Boswortn, anp Davip W. ALLING 

Tuberculosis Morbidity and Mortality Among Mental Patients as Compared with the General 
Population. Jutrus Katz, Sovomon Kunorsky, AND BEn Z. Locke. 

and Abortion. Gzorce Scuarrer, R. Gorvon Dovotas, anp Irvine H. Dreis- 


Suture L Ligation of the Lung and Partial Thoracoplasty i in the Treatment of Tuberculosis. A Four- 
Year Experience. Paut T. Decamp Anp Pace W. AcREE... 

The Comparison of Some Tuberculins in BCG-Vaccinated and Unvaccinated Persons. JosErn D. 
Aronson, Hetew C. Tayior, AND Marre T. McCGerrican.... 

a Observations on the Pattern of Emergence of Resistance to Isoniazid. RALPH 

OMPSETT 

Isoniazid Therapy of Tuberculous Patients as a Preparation for. Pumonary Resection. HELEN 
A. Dickie, Frank C. Larson, anp Donatp E. OLson..... 

Coexisting Pulmonary Coccidioidomycosis and Tuberculosis. A Review of Twenty-Four Cases. 
Bert H. Corton, J. R. F. Penmo, J. W. Brrswer, anp CLaupe E. BABcock.... 

Antituberculous Activity of Substituted Thioureas. IT. ‘Activity i in Mice. P. C. EIsMAN, E. A. 
Konopxka, AnD R. L. MAYER 

Antituberculous Activity of Substituted Thioureas. III. Activity in Guinea Pigs. E.A. ‘Konorxa, 
P. C. Exsman, R. L. Mayer, F. Parker, Jr., anp S. L. Ropsrns 

The 4 of the Middlebrook-Dubos Hemagglutination Test in Tuberculosis of Children. 

Cuoremis AND K. N. ANASTASEA 

Urine Cultures for M. Tuberculosis During Chemotherapy. MICHAEL KENNEY, Joun K. Lar- 

TIMER, AND Mitton GOLDMAN .... 


Case Reports: 
Cystic Thymoma—The Possibility of Confusion with Tuberculoma. Gustar E. Linpskoc 


Tuberculosis in the Very Young. Report of Three Cases in Infants Less Than One Month 
of Age. Epwin L. Kenpis, Jr.. 
of the Spleen Associated with Pneumoperitoneum. H. Faor Anp Darret 
C. Ancus 
Léffler’s Reaction to Para- -Aminosalicylic Acid. HERMAN TucHMAN. 
Notes: An Agitator for Bacteriologic Specimens. ABRAHAM L. ROSENZWEIG. ._. 
Correspondence: Prognosis and Term Chemotherapy in Tuberculosis. ALrrep S. 
anp K. Erceen Hrre. 


Books. 
American Trudeau Society : 
of the Tenth Possbies Conference 


Published Monthly a Mount Royal and Guilford Avenues, Baltimore 2, Maryland, by 
the National Tuberculosis Association * Business Off., 1790 Broadway, New York 19, N.Y. 
Copyright 1954, by the National Tuberculosis Association 


PRINTED IN U. 5S, A. 


1 
9 
15 : 
32 
49 
61 
71 
91 
102 
109 
121 
130 
139 
149 
155 
161 
166 
171 
176 
178 


‘THE AMERICAN REVIEW OF TUBERCULOSIS 
A Journal of Pulmonary Diseases 


OFFICIAL JOURNAL OF AMERICAN TRUDEAU SOCIETY 
Medical Section of National Tuberculosis Association 


EDITOR 
WALSH McDERMOTT 
CONSULTING EDITOR New York, N. Y. 
ESMOND R. LONG 


Philadelphia, Pa. 
Helen W. Miller, Editorial Secretary 


EDITORIAL BOARD 
J. Burns Amberson, M.D. Kirby S. Howlett, Jr., M.D. 


New York, 
Oscar D. Daniel E. Jenkins, 
East Orange, N. J. 
B F. Francis, M.D. Donald L. Paulson, \ 
Wash. Dallas, Tex. 


Sidney Reid, -D. 


BUSINESS MANAGER 
HENRY W. STEVENS 


NOTICE TO SUBSCRIBERS AND CONTRIBUTORS 

Tax American Review or Tusercucosts is published by the National Tuberculosis Association 
and issued monthly about the first of the month. Taz American Review or Tusercutosis is the 
official journal! of the American Trudeau Society. A volume includes six numbers and begins with the 
January and July numbers. 

Subscription: subscription price of the Review is $12 for the calendar year. Checks should be 
made payable to Collier Platt, Treasurer. The price of single copies is $1.50 postpaid. 

Character of the Review: The Revrew invites the submission of origina) manuscripts on any phase of 
tuberculosis, nontuberculous pulmonary diseases, and related subjects of interest. 


MANUSCRIPTS 


Contributors are requested to pa cular attention to the following rules 
Failure to these rules is a frequent cause of delay 
ete should be sent in duplicate to the office of the Editor, Dr. Walsh M 1790 
Broadway, New York 19, N. Y., mailed flat, and transmitted by first-class mail with postage for re- 
turn if not acceptable They should be in English, dou hy ritten on one side of the page 
with wide margins. Tabular data should not be included in t should be presented in separate 
tables with appropriate reference in the text. All cases of oo teed ‘aaa should be classified 
according to the 1950 edition of Diagnostic Standards and Classification of Tuberculosis published by 
the National Tuberculosis Association. All case reports should be written in complete sentences. Au- 
thors should exercise particular care in the preparation, notation, and description of figures and tables. 
The form of reference used in the Revrew should be carefully followed and references should be 
checked for accuracy. Each table must be accompanied by a descriptive title and a suitable legend 
must be provided for each figure. Drawings must be made with india ink and all lettering should be 
made with a stencil. The quality of the reproduction of a roentgenogram depends upon both the quality 
of the origina! picture an of the glossy print obtained from photographing that picture. If a contrib- 
utor does not have facilities. available, preparation of figures or reproduction of roentgenograms may 
through the Review office. In those circumstances, the contributor y & neat, 
pepertenes, and suitably entifled drawing or the original roen will be ex- 
= to defray the cost of these services. 

The publishers will lost in transit. In order 
to save expense for authors’ corrections in proof, manuscripts should be carefully revised by the author 
before submission. 

Reprints: Fifty reprints without covers of articles will be furnished to authors free of charge when 
requested in advance. Additional reprints may be ordered. 

Adver ising: Rates will be furnished by Tae American Review or Tusercutosis, 1790 Broadway, 
New 19, N. Y. on 

The Publishers right to decline advertising submitted. Acceptance of an advertise- 
ment does not constitute official endorsement of the product advertised. 


Entered as second-class matter March 9, 1917, at the post office at Baltimore, Md., under the Act of August 24, 1912. Acceptance for 
mailing at a special rate of postage previded for in section 1103, Act of October 3, 1917. Authorized on July 2, 1918. 


LAWRENCE B. HOBSON 

John W. Strieder, M.D. 
Brookline, Mass. 

| 

William B. Tucker, M.D. ) 

Chicago, Til 


EDIOL 


provides 
easily assimilable 


extra 


Blueprint for Diagnosis aman Underweight 


nf. SCHENL BABORATORIES, INC., NEM 


K 1, NEW YORK 
pe 


Scilaniey’s registered trodemork for on 


| 
| 64a 
a 
, 
a 
: 
ries 
4 
» 
OR 
x 


THE AMERICAN REVIEW OF TUBERCULOSIS 


* Construction provides wide open mouth. 


* Easily opened and closed—fingers need not 


become soiled. 
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Designed to avoid crushing, and so prevents 
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and leakage resistance. 
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patients who are able to be up and about. 
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opened and closed. The “XL” has been 
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original development for the U.S. gov- 
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Sensitivity Testing 
of 


TUBERCLE BACILLI 


BACTO-SENSITIVITY DISKS 


Sensitivities to the commonly employed therapeutic agents are accurately 
and readily determined using Bacto-Sensitivity Disks containing three con- 
centrations of Dihydrostreptomycin, Streptomycin, Viomycin, PAS (p-Amino 
Salicylic Acid) and INH (Isonicotinic Acid Hydrazide). Concentrated specimen 
or pure cultures are evenly streaked on Bacto-Peizer TB Medium and Sensitivity 
Disks applied. Zones of inhibition of growth following incubation indicate if an 
organism is sensitive, moderately sensitive or resistant to the various chemo- 
therapeutic agents. 


Peizer TB Medium recommended for sensitivity test procedures is easily and 
readily prepared from Bacto-Peizer TB Medium Base and Bacto-Peizer TB 
Medium Enrichment (Peizer and Schecter: Am. J. Clin. Path., 20:682:1950). 
This is a selective medium suitable for primary culture and simultaneous 
sensitivity determinations of tubercle bacilli from concentrated specimen, 


BACTO-SENSITIVITY TEST MEDIA 


Bacto-ATS Medium and Bacto-Lowenstein Medium are available in screw 
capped tubes with added chemotherapeutic agents. The ATS Medium is 
prepared according to the formula specified by the American Trudeau Society; 
the Lowenstein Medium according to the Jensen modification. These media 
are processed under carefully controlled conditions to give rapid optimal 
growth of the tubercle bacilli. 


Bacto-ATS Sensitivity Media and Bacto-Lowenstein Sensitivity Media are 
supplied in sets of 12 tubes consisting of 2 tubes of control medium without 
therapeutic agent and one tube each of the following: 


Streptomycin 10 meg. ml. INH 5 meg. ml. 
| Streptomycin 100 meg. ml. Streptomycin 10 meg. and PAS 100 mcg. /ml. 
Viomycin 10 mcg. ml. Streptomycin 100 meg. and PAS 100 mcg. ml. 
Viomycin 100 meg. / ml. Streptomycin 10 meg. and INH 1 meg. ml. 
INH 1 meg. ml. Streptomycin 100 meg. and INH 5 meg. ml. 


The above media are also supplied in packages of 12 tubes of any one medium. 
In addition, for more detailed determinations, ATS Sensitivity Media and 
Lowenstein Sensitivity Media containing Streptomycin 250 meg., Viomycin 
250 meg., and INH 0.2 meg. are available in packages of 12 tubes. 


These media are supplied in incubator packages which permit preferred 
horizontal incubation. 


Bulletin No. 141 describing Sensitivity Testing 
of Tubercle Bacilli is available upon request. 
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WVWiomycin 
Sulfate 


“a third potent tuberculostatic agent’”! 


now availableas Winmactane 
Sulfate 


Viomycin Sulfate Ciba 


e Active even when bacillary resistance to 
streptomycin or isoniazid has developed 


e Side effects rare and generally mild in thera- 
peutic dosage 


e Especially recommended in combination 
with PAS 


Supplied as sterile vials: The equivalent of 1 
Gram viomycin base as the sulfate. 


1. Hobby, G. L., Lenert, T. F., Rivoire, Z. C., Donikian, M., and Pikula, D.: 
Am. Rev. Tuberc. 67:808, 1953. 


Detailed literature sent on request of physicians 


Ciba Pharmaceutical Products, Inc., Summit, N. J. 
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In TB detection and control 


1 Combination x-ray table 
for fluoroscopy and gen- 
eral radiography. 


2 Individually mounted 
photoroentgen unit tor 
“miniature x-rays.” 


3 Motor-driven cassette 
changer for 14” x 17” 
stereo chest films. 


From initial diagnosis . . . through x-ray follow-up . . . to 
effective, all-inclusive care of each patient — TB hospitals 
and chest physicians must have facilities for general x-ray 
diagnosis as well as chest work. The above combination of 
three efficient General Electric units is your economical 
answer for a well-rounded x-ray department. Call your G-E 
x-ray representative for full facts, or write X-Ray Depart- 
ment, General Electric Co., Milwaukee 1, Wis., for Pub. $71. 
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clear-headed awakening 


“7) 

Available as ELIXIR ALURATE, cherry red color/ELIXIR ALURATE VERDUM, emerald green color 


Each contains 0.03 Gm (% grain) of Alarate per teaspoontul (4 cc 


in a palatable vehicle. Alurate*—brand of aprobarbital 


HOFFMANN-LA ROCHE INC. + ROCHE PARK + NUTLEY 10 + NEW JERSEY 
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Letter from the Editor 


The editor wishes to take this opportunity to express his appreciation to Dr. William 
H. Feldman and Dr. Max B. Lurie for their high quality of performance and diligent serv- 
ice as members of the Editorial Board for the past several years. New members of the 


Board as of July 1, 1954, are Dr. J. Burns Amberson, who has accepted a one-year appoint 


ment; Dr. Osear Auerbach, who has accepted a two-year appointment; Dr. James G. 
Hirsch, Dr. Kirby 8. Howlett, Jr, and Dr. William B. Tucker, who have accepted three 
year appointments. 
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TENTH ANNIVERSARY OF THE DISCOVERY OF STREPTOMYCIN, 
THE FIRST CHEMOTHERAPEUTIC AGENT FOUND TO BE 
EFFECTIVE AGAINST TUBERCULOSIS IN HUMANS' 


SELMAN A. WAKSMAN 


Received for publication April 19, 1954 


The isolation of streptomycin from a culture of a soil-inhabiting organism, 
Streptomyces griseus, Was announced just ten years ago. Among the antimicrobial 
activities of this substance, those that were most noteworthy were its effectiveness 
upon gram-negative bacteria and the tubercle bacillus. Soon afterward, its effect 
in experimental tuberculosis was established, and later its property to ameliorate 
clinieal tuberculosis. Thus started a chain of events which was to culminate in a 
death blow to the Great White Plague. 

Nearly 8,000 papers have since been written on the subject of streptomycin 
and its utilization in the control of numerous infectious diseases in man and in 
animals, and more than 30 volumes in many languages have been devoted to it. 
I shall not attempt to summarize this mass of information, especially since this 
has already been done in many reviews. I should like merely to tell about certain 
personal experiences which led to the isolation and development of streptomycin 
and to its recognition as an important chemotherapeutic agent, especially in 


the control of tuberculosis. 

The two most important aspects of the work done in the Department of Soil 
Microbiology of the New Jersey Agricultural Experiment Station, Rutgers 
University, which were largely responsible for the work on antibiotics in general 
and of streptomycin in particular are: (/) the study of actinomycetes, and (2) 
the study of the associative and antagonistic effects among microorganisms in 
the soil. We first began a systematic study of the actinomycetes in 1914. As a 
result of these studies, we demonstrated that the soil contains a large population 
of different microorganisms, comprising many species of actinomycetes. These 
varied greatly in their morphology and in their physiology. A number of species, 
including Actinomyces lavendulae and Actinomyces griseus, were isolated from the 


soil and described. 
The interreactions among soil microorganisms also received considerable at- 


tention in our laboratory. The microbes do not live in the soil in isolated com- 


' From the Institute of Microbiology, Rutgers University, The State University of New 


Jersey, New Brunswick, New Jersey 
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partments but constantly affect the growth of one another. The nature of such 
action Was a constant source of curiosity. Of particular interest were the facts 
that the actinomycetes are more resistant to adverse conditions than the fungi 
and bacteria and that the development of the former may repress the growth of 
the latter. 

In 1932, Dr. Wm. Charles White, Chairman of a committee on the microbio- 
logy of the soil of the National Research Council® and Chairman of the first re- 
search committee of the National Tuberculosis Association, asked me to under- 
take a study of the fate of the tubercle bacillus in natural environments, especially 
in soils and in water systems. I assigned to this problem one of my graduate 
students, Chester Rhines. This study lasted three years, at the end of which the 
following conclusions were reached: (/) the avian strain 531 of the tuberculosis 
organism has a very slow death rate in sewage and in stream-water; (2) certain 
protozoa have the capacity to ingest large numbers of acid-fast bacteria, there 
being a high degree of specificity in regard to the nature of the protozoa and of 
the bacteria; (3) the avian organism is able to multiply in sterile soil, even in 
association with some common soil bacteria, but it is slowly destroyed in non- 
sterilized soil; (4) certain fungi are able to repress the development of the tubercle 
organism in the soil, especially in manured soil. 

I could not yet take full advantage of these conclusions. Neither did I take 
advantage of the observation made, soon afterward, by the poultry pathologist 
of the N. J. Agricultural Experiment Station, who brought me an agar slant of 
a culture of Mycobacterium tuberculosis which had been killed by a fungus grow- 
ing upon it. My major interest at that time (1935-1936) was the subject of 
organic matter decomposition and the interrelations among soil microorganisms 
responsible for this process, 

Finally, in 1939, my own investigations, and especially those of my former 
student, René Dubos, encouraged me to undertake a comprehensive study of 
the production by soil microorganisms of chemical substances active against 


pathogenic bacteria. These substances were later designated as antibiotics. It 
was natural that I should turn my attention primarily to the actinomycetes, 
although the fungi and bacteria were not overlooked at first. Gradually, we came 
to recognize the fact that the first group offered by far the greatest potential 


source of antibiotics. 

The first antibiotic that we isolated, in 1940, from a culture of a soil actinomy- 
ces Was actinomycin. This substance possessed both bacteriostatic and bac- 
tericidal properties. It was active upon a large number of bacteria, including 
Mycobacterium tuberculosis. Unfortunately, actinomycin was so extremely toxic 
to experimental animals that it offered hardly any potentialities of ever be- 
coming an important chemotherapeutic agent. It may be of interest to note, 
however, that we observed at that time the fact that actinomycin had a very 
peculiar effect upon certain organs, notably the spleen, reducing it considerably 
in size. This observation was recently utilized in Germany, where it has been 
found that actinomycin has a marked effect in inhibiting the development of 
the lymphogranuloma type of tumors, known as Hodgkin's disease. 


? See report of National Research Council for 1931-1932, page 41; 1982-1933, page 2s. 
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Another two years passed in a search for less toxic and more desirable anti- 
biotics. Several antimicrobial substances were isolated and set aside because of 
a certain toxicity or limited activity. Meanwhile, the methods for the study of 
antibiotics were perfected and we learned to recognize different types of sub- 
stances. In 1942, streptothricin, a substance which possessed great potential 
antimicrobial properties, was isolated from another culture of a soil actinomyces. 
It was much less toxic than actinomycin and was active upon a large number 
of pathogenic bacteria, including both gram-positive and gram-negative or- 
ganisms. It was water-soluble and heat-stable, and was active in suppressing 
various infections in experimental animals. It possessed, however, a slight de- 
layed toxicity upon the animal system. Meanwhile, we continued our screening 
program, concentrating largely upon the actinomycetes, and, before we pro- 
ceeded with the clinical evaluation of streptothricin, we isolated streptomycin, 
in 1943, from still another soil actinomyces. 

Early in June, 1943, Dr. Florence B. Seibert of the Henry Phipps Institute 
supplied me with a mass of living and dead cells of Mycobacterium tuberculosis 
for soil enrichment experiments, to stimulate (as we then thought possible) the 
development of organisms producing antituberculous agents. 

About that time, on June 1, 1943, | attended a conference called by Dr. White, 
and attended by Dr. Leroy U. Gardner and certain others interested in chemo- 
therapy of tuberculosis, to discuss the study of the effect of bacteriostatic sub- 
stances upon the tuberculosis organism. | well recall that Dr. White had the 
idea of obtaining active preparations from earthworms, which were said to be 
able to digest the tubercle bacillus. This idea was based upon the potential 
action of enzyme systems, which scarcely appealed to me. | urged that considera- 
tion be given, instead, to antibiotics. 

The streptomycin-producing culture of the actinomyces was first isolated 
from the swab of a chicken’s throat on August 20, 1943. It belonged toa group of 
actinomycetes that we described in 1916 as Actinomyces griseus. Although this 
name was first used for a culture isolated by Krainsky in Russia in 1914, it was 
doubtful whether the two cultures were identical, since the comparisons were 
made only upon published descriptions. We found A. griseus widely distributed 
in the soil and I used it in some of the physiologic studies for my doctor’s thesis 
in 1916-1917. 

In January, 1943, Dr. Henrici and | decided to create a new genus of the 
aerial mycelium producing species of actinomycetes, and designated this genus 
Streptomyces. As a result of this, Actinomyces griseus became Streptomyces griseus, 
and we had a name for a new antibiotic. The announcement of the isolation of 
streptomycin was published in January, 1944. 

It was soon demonstrated that streptomycin was a drug of low toxicity and 
that it was active in experimental animals against a large number of infectious 
diseases caused by gram-positive and gram-negative bacteria. It was so similar 
however, to streptothricin that for a long time we studied the two antibiotics 


side by side. Gradually, however, we concentrated on streptomycin because of 


its lower toxicity. 
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In describing the properties of streptomycin as a chemotherapeutic agent, 
I would like to emphasize particularly its activities against tuberculosis. The 
sequence of events can best be described by citing certain correspondence of 
Dr. William H. Feldman and Dr. H. Corwin Hinshaw, of the Mayo Clinic. 

Dr. Feldman first visited my laboratory early in November, 1943. He was 
very much interested in our program, particularly the antimicrobial activities 
of the Streptomyces antibiotics as well as “the possibilities of carrying out some 
cooperative studies if and when you obtain an agent which you think would be 
worthy of in vivo application.” I advised him early in March, 1944, that we 
might soon be able to send him some streptomycin. He at once expressed his 
readiness to test the action of this agent in experimental tuberculosis in guinea 
pigs. Recognizing that only limited quantities of the substance were available, 
he believed that even with small amounts he could obtain some rather definite 
information regarding the possible ability of streptomycin to influence favorably 
experimental tuberculosis. 

In a letter, dated April 27, Feldman wrote that the animal studies were al- 
ready started. (I might say that this first animal experiment was carried out 
with material that had only 58 units or micrograms per milligram, or 5.8 per 
cent purity.) Seven days later, or on May 4, he was able to state: 


This morning I checked on the guinea pigs which have been receiving strepto 
mycin for the past week. One animal is receiving 75 mg. daily and the other 37.5 
mg. daily; the medication being given five times each twenty-four hours. Both 
animals look exceedingly well, although both have an area of induration of mod 
erate degree at the site where the substance has been injected. We are now going 
to increase the dosage of the one animal receiving the smaller dose so that both 
will be receiving 75 mg. daily. Next week we are going to start two additional 
guinea pigs on the substance. These were inoculated with tubercle bacilli on the 


same day as the first two mentioned 


Simultaneously, Feldman urged me to send some streptomycin to Dr. Fordyce 
RK. Heilman so that its effect could be evaluated against various pathogenic 
bacteria. This I gladly did with the result that Heilman succeeded in estab- 
lishing the effectiveness of streptomycin in infections due to Pasteurella tularensis 
and Klebsiella pneumoniae. At that time I wrote Dr. Feldman: 


In view of the fact that there is a great similarity in the action of streptothricin 
and streptomycin, the effectiveness of the two substances in vivo should be con 
sidered side by side. | may add here that another laboratory has already been 
studying the use of streptothricin in the treatment of animals infected with M 


tuberculosis 


July 10, 1944, was a historie date. On that day Feldman and Hinshaw came 
to see me to discuss the results of the first animal experiments and to plan clinical 
treatment of tuberculosis. I promised to solicit the collaboration of Merck & 
Co. to begin immediately the preparation of additional quantities of strep- 
tomycin. All of us were of the opinion that this must be kept highly confidential 
80 as not to arouse undue public optimism. 

On July 19, 1944, Feldman wrote: 
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You will be interested to know that the guinea pigs received their infecting 
dose of tubercle bacilli yesterday morning and their first dose of the respective 
medicants, streptothricin and streptomycin, at 6:00 last evening. The dose sched 


ule calls for an injection every 6 hours. So far we have been unable to obtain any 


additional laboratory assistance so Doctor Hinshaw and I have taken over the 
task of administering the substances. We felt that if we were to wait until we got 
help the program might be delayed indefinitely. We consider knowledge of strep- 
tothricin and streptomycin as privileged information, so much in fact, that we 
do not use the terms in the laboratory but refer to them as A, and Ag. I agree 
with you that it would be very unwise to have the information reach the public 


prematurely. 


These studies confirmed our own observations of the greater toxicity of strep- 
tothricin, as well as the variable toxicity of different lots of streptomycin. 

On September 19, Feldman was able to report that the sixty-day in vive tests 
were completed September 17: 


The results were indeed gratifying, as a study of the necropsy protocols clearly 
shows. The amount of severe and widely disseminated tuberculosis in the con 
trols left no doubt regarding the lethal capacity of the infecting organism. In the 
treated group, definite signs of tuberculosis were absent in almost every instance, 


insofar as involvement of the parenchymal organs were concerned. The disease 
when present consisted of residual foci at the site of inoculation, the contiguous 
axillary lymph nodes, or the tracheobronchial lymph nodes. The two short-time 
experiments have thus answered about all the questions that we had in mind for 
demonstrating the ability of streptomycin to cope successfully with tuberculosis 
introduced in guinea pigs at the time treatment began. The fact that some of the 
animals were infected two weeks before treatment began does add important in 
formation. Of course the real test of the substance, insofar as tuberculosis of 


guinea pigs is concerned, is now being done in the long-time experiment. 


Six weeks later (October 31), Hinshaw presented before the Tuberculosis 
Subcommittee of the National Research Council, members of the U. 8. Public 
Health Service, representatives of the National Tuberculosis Association, 
Army and Navy, and certain liaison officers of foreign governments, meeting 
in Washington, the results of their experiments on streptomycin. He wrote to 


me soon afterward: 


I continue to hear from underground sources that information concerning the 
potentialities of streptomycin in tuberculosis has been rather widely disseminated 


and I certainly hope that your paper on in vitro effects can be published at an 
early date to be assured of your due priority in this matter. Doctor Feldman and 
1 are also eager to get at least a preliminary note concerning the in vive work into 
the literature as soon as possible for the same reason. We feel sure that this can 
be accomplished by a simple factual report, which should not arouse any en 
thusiasm on the part of newspaper reporters and others, and possibly workers 
should know the facts in order to protect them from some of the wild rumors 
which are being circulated. In Chicago this week I heard the rumors that strepto 


mycin is being employed in clinical tuberculosis on a large scale with marvelous 
results. I feel very sure that this is not true, and when facts are lacking fancy is 


so often substituted freely, even in so-called scientific circles 
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Within one year after the announcement of the discovery of streptomycin 
(January 23, 1945), Hinshaw wrote to Dr. Chester Keefer, urging him that 
everything possible be done to expedite the production of streptomycin in 
quantities sufficient for adequate clinical tests in tuberculosis and that it be 
judiciously allocated. A few days later (January 29) a telegram reached me 
from Feldman: “Long term crucial experiment streptomycin terminated today. 
Incomplete results indicate impressive therapeutic effects.” 

Hinshaw was meanwhile maintaining two patients on streptomycin. He 
wrote on March 9, 1945: 


The results are sufficiently encouraging to be tantalizing, and we cannot avoid 
the feeling that if we could give a million or more units a day we might 


have something more impressive 
On August 25, he was able to report: 


We have now treated a total of thirty-three patients, including those who are 
now under hospitalization, and continue to be quite optimistic. Dr. Esmond 
Long and Dr. Henry Sweany spent an entire day going over every single case 
that has received streptomycin. They expressed an unqualified opinion that early 
extensive lesions of tuberculosis of the so-called hematogenous type are reversed 
to an unmistakable degree. As a result of their survey they are planning to under 
take the treatment of tuberculosis in the Army with streptomycin, setting up a 
group at Fitzsimons General Hospital and at Burns General Hospital in the very 


near future 
This was followed on October 5, by a letter from Feldman: 


Observations regarding the clinical application of streptomycin continue to be 
cause for enthusiasm. New information is constantly being assembled and of 
course we feel very fortunate in being permitted to continue our studies in spite 
of the faet that the War Production Board has taken over the allocation of strep 
tomycin. We feel very important, indeed, that the authorities saw fit to permit 
our work to continue in spite of the fact that the supply for other civilian uses 


has been curtailed or perhaps cut off 
Hinshaw added on December 11: 


I believe that we now have undeniable clinical and pathological evidence that 
streptomycin does modify the course of tuberculosis in man in a favorable direc 
tion, but the magnitude of this effect, its permanence and its applicability to the 
common varieties of pulmonary tuberculosis are matters which must be left un 
decided until the drug is produced in adequate quantity for long-term treat 
ment 
These first experiments soon began to make history. The most spectacular 
results were obtained with the use of streptomycin in the treatment of miliary 
tuberculosis, tuberculous meningitis, tuberculosis of the larynx, bone and joint 
tuberculosis, pulmonary tuberculosis, and various other forms. To quote further 
from the letters of Hinshaw and Feldman, 


Streptomycin has been found to possess most of the characteristics required 
of a successful antibacterial agent for the treatment of human disease. It pos 
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sesses a range of antibacterial action in ettro not paralleled by any other available 
substance. It may be administered by any of the usual parenteral routes conven 


iently. It maimtains its activity in vivo and appears to diffuse from the blood 


stream into most of the tissues. It is of very low toxicity for man and the few un 
favorable side reactions which have been observed have been attributed to im 


purities. It possesses activity against many organisms which are relatively 
insensitive to penicillin, including a number of pathogenic, gram-negative, gram 
positive, and acid-fast bacteria. Much more study and observation will be re 
quired to define the possibilities and limitations of streptomycin therapy in cases 
of tuberculosis, but preliminary observations are sufficiently extensive and appear 
to be sufficiently encouraging to justify such investigative projects when supplies 
of the drug permit. In the meantime it is important to emphasize the limitations 
of streptomycin in treatment of tuberculosis, limitations which are at least in 


part due to the nature of the disease 


On January 1, 1946, Walsh McDermott and Carl Muschenheim and their 
associates at the New York Hospital-Cornell Medical Center also started an 
investigation of streptomycin in tuberculosis in humans. Except for the initial 
weeks, their study was conducted under the auspices of the Keefer Committee 
of the National Research Council. On the basis of this study, they were able to 
report a complete confirmation of the Hinshaw-Feldman studies in humans in 
June at the annual meeting of the National Tuberculosis Association in Buf- 


falo. 

Indeed, I received a telegram dated June 12, 1946 from Buffalo, signed by 
Feldman and Hinshaw which read: “Our streptomycin studies reported at Na- 
tional Tuberculosis Association here fully confirmed experimentally and clinically 
establishing this as first effective chemotherapeutic remedy for tuberculosis, 


Hearty congratulations.” 

On September 7, 1946, the Committee on Chemotherapeuties of the National 
Research Council under the Chairmanship of Dr. Keefer reported the results 
of the first 1,000 cases of different infectious diseases treated with streptomycin. 
On December 12, the first Streptomycin Conference of the Veterans Adminis- 
tration was held in Chicago. Reporting on this Conference, Hinshaw wrote: 


The results are most consistent and precisely like those which we have secured 
here. As a result of this presentation, it has been arranged that nineteen hospitals 
in the Veterans Administration will be using streptomycin on all suitable cases 
immediately and before many weeks the drug will be made available for treat 
ment ¢f tuberculosis in all the remaining Veterans Administration hospitals. It 
begins to look as though practical application of the drug is somewhat ahead of 
our knowledge of many fundamental problems, but this is probably better than 


to have the problem lagging behind. 


The rest is history. It was thus definitely established that chemotherapy 
of tuberculosis is possible, that the Great White Plague can be treated by means 
of drugs just as can numerous other infectious diseases of man and animals. 
Streptomycin pointed the way. Although the methods of treatment of various 
forms of tuberculosis have undergone marked changes since the first success- 
ful use of this antibiotic in 1945 and in 1946, streptomycin is still the basis of all 
tuberculosis therapy. It is now used successfully with para-aminosalicylie acid 
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(PAS) and with various forms of isoniazid. The supplementary use of these 
synthetic compounds has reduced the toxicity of streptomycin and the de- 
velopment of resistance by the tuberculosis organism. 

From a few grams in 1944 and in 1945, streptomycin production has grown 
into a great industry. In 1953, in the United States alone, nine companies manu- 
factured 15 to 20 million grams a month. There are two companies in Great 
Britain, one in Sweden, one in Denmark, three in France, one in Germany, three 
in Italy, two in Spain, four in Japan, and possibly several countries behind 
the iron curtain engaged in the manufacture of streptomycin. From $25.00 
a gram in 1946, the bulk price has been reduced to less than 25 cents a gram. 

Although streptomycin is used largely in the treatment of diseases of the 
tuberculosis type, considerable quantities are also employed, alone or in com- 
bination with penicillin or other antibiotics and synthetic compounds in the 
treatment of numerous other infectious diseases of man and of animals. Strep- 
tomycin has also found many other applications, as in the preservation of virus 
vaccines and of semen of animals and in the treatment of certain plant diseases. 

I need hardly dwell here upon the numerous problems involved in the de- 
velopment of streptomycin, not all very simple. I need only mention the prob- 
lems of the active strains of S. griseus, the methods of isolation of streptomycin 
from the broth and its further purification, the problems of standardization of 
streptomycin for therapeutic use, the determination of its activity against 
microbes and the problems of its toxicity to animals and then to humans, the 


danger of development of resistance among sensitive bacteria, and a host of 


others that were bound to come up in the development of a successful chemo- 
therapeutic agent. Neither will I dwell upon the problems of manufacture, rela- 
tions with foreign manufacturers, the patent situation, the establishment of 
the Rutgers Research and Endowment Foundation, although these were all 
highly significant. 

One may rightfully say that a new era has been opened by the introduction 
of streptomycin in chemotherapy. It was later followed by the isolation in 
various other laboratories of numerous antibiotics from cultures of actinomycetes. 
It may truthfully be said that, since the discovery of penicillin, all the important 
antibioties for the treatment of infectious diseases have been found to be pro- 
duced by actinomycetes. 

Perhaps no more fitting commemoration of the tenth anniversay of the dis- 
covery of streptomycin is possible than the dedication of the Institute of Micro- 
biology, which took place on June 7 of this vear. 


HISTORICAL NOTES ON EARLIEST USE OF STREPTOMYCIN IN 
CLINICAL TUBERCULOSIS 


H. CORWIN HINSHAW! 


(Received for publication May 17, 1954) 


The tenth anniversary of streptomycin prompts the publication of certain 
reminiscences concerning the early clinical trials of this epic-making substance. 
Within the span of the calendar year of 1944, the discovery of streptomycin 
was announced, the effectiveness of the drug against experimentally produced 
tuberculosis was published, and clinical trials were instituted. The preliminary 
clinical results were published in September of 1945. 

Throughout the period of early clinical study and during the years which 
have followed, the scientific wisdom of Dr. William Feldman has been a con- 
stant guiding force in our clinical projects and the keen interest of Professor 


Waksman a stimulating factor. 

Streptomycin was made available to us at a propitious time, Dr. Feldman 
and I having been engaged in the study of other antituberculosis drugs during 
the previous five years (1). Clinical studies in collaboration with Dr. Karl Pfuetze 
and other associates had already involved more than one hundred patients 
treated with a drug of the diamino-diphenyl sulfone series during 1941 and 
1942 (2). Although sulfonamide drugs had failed, we had been encouraged by 
results attained with the diamino-dipheny! sulfone derivatives. In retrospect, 
I am convinced that we observed true chemotherapeutic response with these 
drugs, but we were too timid to say so (3). Had they not been supplanted by 
superior substances, the sulfones might have developed into potent remedies 
against tuberculosis. Their present-day efficacy in the treatment of human 
leprosy was a product of these studies in tuberculosis, and it is now demon- 
strated that long-continued treatment with these rather toxic compounds is 
feasible. A heterocyclic sulfone, now known as Promizole”, had occupied our 
attention during the time immediately prior to the discovery of streptomycin. 
A controlled clinical study of Promizole® in the treatment of pulmonary tuber- 
culosis was completed during 1944 and never published because results were 


not considered to be convincing. 

The chemotherapeutic studies in tuberculosis prior to the discovery of strep- 
tomycin developed methods which were immediately applied to the evaluation 
of streptomycin. Laboratory procedures were devised which permitted valid 
comparisons between drugs (4) which have been used subsequently by many 
investigators. Recommendations for clinical investigation based on studies of 


sulfone drugs were recorded, which are still applied. 
The first clinical report of streptomycin in tuberculosis concerned thirty- 


four treated patients and was published on September 5, 1945, scarcely more 
than a year after the effect of the drug upon tuberculosis of experimental animals 
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was demonstrated. The report was brief, only five pages, and the potential effect 

of each word was carefully weighed by Dr. Feldman and myself, for we could 

foresee the tragedy of any premature optimism by the general public (5). Since 

this publication is rarely cited, it is appropriate to quote from it rather exten- 

sively, especially since many of the conclusions are applicable ten years later. 
Concerning toxicity of streptomycin we wrote: 


Streptomycin is a drug of low toxicity for man and the doses described 
have rarely caused any serious reactions, even when continued for several weeks 
without interruption. There is usually some pain at the sites of repeated injec 
tions but this is no more severe than that produced by penicillin. Frequently 
there is a moderate elevation of the patients’ body temperature but we have not 
regarded this as being of serious significance. Some inadequately purified ma 
terials have produced a response resembling that produced by histamine, includ 
ing throbbing headache and flushing of the skin soon after the injection. Such lots 
of streptomycin are unsuitable for clinical use. Most patients complain of mild 
malaise, aching in various muscles and rarely more severe arthralgia attributed 
to streptomycin or impurities contained therein. Since we have usually limited 
our studies to those patients whose immediate prognosis was unfavorable, these 
symptoms have been well borne. We have noted less severe reactions recently 
now that more purified preparations have been made available in recent months 

We have noted in four patients an apparent acquired sensitization to prepara 
tions of streptomycin with violent febrile reactions when therapy was resumed 
after an interval of a few weeks, following a previous course of treatment. In 
each instance desensitization was readily accomplished by administering small 
doses at first, followed by doses of steadily increasing quantity 

We have observed one case of transient deafness and three cases in which there 
were apparent disturbances of function of the vestibular apparatus when large 
doses were administered for prolonged periods. It is not known if streptomycin 
or some impurity produced these symptoms and the possibility of tuberculosis 
being a factor is not yet excluded in all cases. We have tentatively ascribed these 
symptoms to a selective neurotoxic effect on the eighth cranial nerve. 


‘oncerning dosage we wrote: 


The dose of streptomycin has not been accurately determined for various types 
of tuberculosis but we have regarded 800,000 8 units per twenty-four hours as 
the minimal therapeutic dose. Usually patients have received 1,000,000 to 
2,000,000 8 units per day and in rare and urgent circumstances higher doses have 


been given 


This is equivalent to | or 2 gm. of streptomycin daily. 
Treatment of pulmonary tuberculosis was described thus: 


Sixteen patients who had pulmonary tuberculosis have been treated, some in 
collaboration with Dr. Karl Pfuetze (Mineral Springs Sanatorium) and others 
with our associate, Dr. Robert Glover. These patients have been treated 
for periods of from one to three months and eight of these have been observed 
subsequent to treatment for periods up to four months It is important to note 
that streptomycin did not appear to have any rapidly effective curative action in 
these cases but that extensive and progressive lesions of known recent origin have 
tended to improve promptly in a manner which resembles the natural processes of 
healing. This is especially apparent in fine, widely distributed lesions which ap- 
peared to be of hematogenous distribution. The sputum of patients who have 
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common types of chronic fibrocaseous tuberculosis may remain positive indefi 
nitely and regions of fibrosis and cavitation may not disappear despite large doses 
of streptomycin. More acute and finely distributed lesions may appear to resolve 
but such changes are not demonstrable on roentgenographic examination in less 
than three to six weeks and reasonably complete resolution is likely to require 
two or three months or longer. When treatment has been discontinued, prompt 
reactivation of the process has been observed in a few instances, lending further 
support to the hypothesis that a bacteriostatic rather than a complete bacteri- 
cidal effect of the drug has been realized 

The study of pulmonary tuberculosis is hampered by the fact that roentgeno 
graphic shadows are only a rough measure of the extent of the disease and the 
character of the pathologic changes can be calculated only crudely with no thor 
oughly dependable criteria to indicate true healing. It will be immediately obvi 
ous to those who are familiar with the course of pulmonary tuberculosis that the 
present series of cases is inadequate in size and that longer periods of observa- 
tion will be required before definite conclusions can be drawn. A more extensive 
and more closely controlled study of the effeet of streptomycin on pulmonary 
tuberculosis is under way and will be reported subsequently 


Miliary tuberculosis and renal tuberculosis therapy with streptomycin was 
described as follows: 


Two patients who had early miliary tuberculosis and one of whom had renal 
tuberculosis have shown unmistakable and striking improvement in the roert 
genographic appearance of the lesions in the lungs. The clinical improvement 
noted in these patients has not paralleled that observed in roentgenograms of the 
lungs and it is probable that the disease has become localized in some inaccessible 
regions of the body. One of these patients has been observed for six months and 
one for only two months. A third patient who had miliary tuberculosis with men 
ingitis was treated for five days prior to death. Detailed reports will be 
published in collaboration with Dr. R. L. J. Kennedy and Dr. L. F. Greene after 
further study and observation 


Five patients, each with a solitary kidney and with tuberculosis of the genito 
urinary tract, as demonstrated by consistent presence of tubercle bacilli in the 
urine, have been treated with streptomycin. One of these patients has been men 
tioned in the preceding paragraph. The tubercle bacilli disappeared from the 
urine on microscopic examination within two to four weeks in four of the five 
cases. The four patients who responded to treatment in this encouraging manner 
have now been followed for one to four months since cessation of treatment and 
on microscopic examination the urine remains negative for tubercle bacilli. No 
tubercle bacilli have as yet been demonstrated by culture or guinea pig inocula- 
tion from the urine of any of these four patients subsequent to treatment but 
sufficient time has not elapsed to complete all of these examinations. The one 
remaining patient, who continues to have tubercle bacilli in the urine, also has 
miliary tuberculosis but, as mentioned previously, the latter lesions have mark 
edly improved so far as can be determined by roentgenograms of the lungs 


The response of cutaneous sinuses was well shown and described thus: 


Three had draining sinuses due to suppurative tuberculous lymphadenitis and 
showed very prompt and striking response to therapy, especially in two of the 
three cases. We are mindful of the tendency of such lesions to recur and we shall 
report the subsequent clinical course of these patients with our associates in 
dermatology in due time. 
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The paper concluded with an unconventional appeal: 


It is to be ardently hoped that if these results are noticed by lay persons, they 
will interpret the results in the same cautious frame of mind that scientific in 
vestigators have endeavored to maintain. This unusual suggestion is made for 
the benefit of the many thousands of patients who have tuberculosis. Morale 
plays a crucial part in treatment of such a debilitating and chronic disease and 
morale is injured by premature and optimistic reports of results which may not 
be sustained in practice. No one as yet actually knows what the final judgment 
will be concerning the effect of streptomycin on clinical tuberculosis 


Publicity was unavoidable when evidence appeared that a specific drug had 
been developed against the most important infectious disease of the human 
race: tuberculosis. Newspaper and magazine writers appeared sympathetic 
with our desires to avoid the cultivation of false hopes by patients, yet each 
assignment to get the latest story on streptomycin had to be fulfilled. We ad- 
hered consistently to a rule that no personal interviews would be granted. All 
press conferences were those conducted by medical and scientific societies, with 
as many participants as possible, hoping thereby to dilute the personal factor. 
Unfortunately, many societies permit the release of popular articles before 
scientific publications have made the information available to physicians who 
are called upon to interpret the facts to their patients. 

We believed then and now that personal publicity is detrimental to scientific 
reputation and that the favorable opinions of physicians and scientists should 
be the objective of the research worker. None of the magazine articles was 
written with our consent or cooperation, and determined efforts by ourselves 
and our associates at the Mayo Clinic succeeded in preventing publication 
of some others which came to our attention in time to take action. 

Desperate patients, their relatives, and physicians from many countries 
throughout the world sought to obtain streptomycin when none was to be had 
or when it could be put to better use. A committee of the National Research 
Council under the able leadership of Dr. Chester Keefer bore the brunt of many 
of these urgent and sometimes hysterical appeals. Dr. Keefer deserves great 
credit for conserving supplies of this rare and priceless substance at a critical 
time. Our clinical advice was sought and gladly given through hundreds of 
letters, telegrams, cablegrams, and long distance telephone calls during a period 
of many months. Transoceanic telephone calls were received from several Euro- 
pean countries, including some from Russia, from South America, Africa, and 
Australia. Each communication received a personal reply, and form letters 
were not resorted to, even to save valuable time. Patients were urged to follow 
the advice of their personal physicians and reminded of the value of conven- 
tional treatment methods. Many forms of political and economic pressure were 
applied to secure the life-saving drug, and a lively international traffic in con- 
traband streptomycin is believed to have developed. 

Some human dramas associated with the early clinical experiments cannot 
be revealed lest privileged information be divulged. A few moribund patients 
received injections of material containing many impurities, and no harm could 
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be detected at subsequent autopsy. Temporary amelioration of symptoms was 
sufficiently convincing to encourage more energetic therapy of subsequent pa- 
tients, especially after Merck & Co., Inc., were able to supply streptomycin of 
constantly improving quality and in increasing quantity. For several months, 
all streptomycin released for tuberculosis therapy was assigned to our group, 
but before long another clinical research project was authorized at Cornell 
University under the direction of Dr. Walsh McDermott. 

During the earliest and most uncertain phases of our clinical study at the 
Mayo Clinic, each patient or his relatives were carefully apprised of the nature 
of streptomycin and the logie prompting its use. Treatment was never urged 
in the face of any hesitation or doubt to submit to treatment, and the experi- 
mental nature of the project was never disguised. We made it a point to state 
literally that the patient was to be used as a “human guinea pig.’’ Nevertheless, 
acceptance was almost universal, and the hope expressed was that the experi- 
ment would at least benefit others, as it surely did. These patients were true 
collaborators and deserve to be ranked as heroes. The experience confirmed a 
long-held belief that intelligent, private patients, honestly informed of the 
facts, constitute superb experimental subjects. 

After convincing evidence of the clinical value of streptomycin in potentially 
lethal forms of tuberculosis appeared, my colleagues and I were urged by rela- 
tives, on a few occasions, to discontinue treatment which seemed to be merely 
prolonging life and agony. This we opposed on moral and ethical grounds, 
and subsequently, when recovery ensued, the gratitude of the patients and 
their relatives was almost pitiful to observe. 

Our most dramatic emotional experience was at the meeting of the National 
Tuberculosis Association in Buffalo, New York, in May of 1946, when we pre- 
sented our first clinical report on streptomycin to a national audience. We 
feared that disbelief of the results would be expressed because of the many 
previous false hopes raised by other ‘‘cures’’ throughout all previous medical 
history. Shortly before delivering the paper, I learned that Dr. Walsh McDer- 
mott was to discuss the report, but did not know what attitude would be ex- 
pressed. When we learned that Dr. McDermott and associates had fully and 
independently confirmed the findings and when his discussion was so forthright 
and convincing, Dr. Feldman and I were overjoyed and sent the telegram to 
Dr. Waksman, which he has quoted. The prestige added by the Cornell report 
did much to promote immediate and serious study in this field, and immediately 
after the Buffalo meeting, a conference with military and veteran’s authorities 
was held in Washington, D. C. At this conference we presented our data, and 
the plans were formulated for expansion of the study. 

Welch and Lewis (6) state that the early studies cited “. . . initiated the most 
extensive studies of a single drug in a single disease every undertaken.” In 1946, 
a series of investigations was supervised by a committee of the American Trudeau 
Society, made possible by a gift of a quantity of streptomycin by the manufac- 
turers which was currently valued at one million dollars. Very soon the initiative 
was passed to the Veterans Administration, under the leadership of Dr. John 
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Barnwell and Dr. Arthur Walker. This project involving hundreds of investiga- 
tors and many thousands of patients has grown and prospered to become an 
unparalleled phenomenon in cooperative medical research. The thirteenth 
national conference of this group, held in February, 1954, indicated that many 
productive fields of research remain open (7). 

Since the diseovery of streptomycin, tuberculosis death rates in the United 
States have been reduced to approximately one-third of their former toll. No 
physician who cares for patients with tuberculosis will doubt that modern 
therapy deserves a large share of the credit for the survival of these many thou- 
sands of persons. We, who by chance happened to be involved in this develop- 
ment, are humbly grateful for a privilege which comes to few men. Had our 
previous work taken a different turn, others with greater ability and resources 
might have accomplished these goals more efficiently. 

Having spent much of my professional life in the field of general internal 
medicine and in the laboratory sciences, | have come to know physicians, sur- 
geons, and scientists engaged in many activities throughout the world. Among 


these, the men engaged in tuberculosis work have appeared singularly dedicated 
to the broad idealism of cooperative endeavor for the benefit of mankind. These 
attributes of the hundreds of investigators concerned in the development of 
streptomycin and auxiliary drugs during the ten years past have resulted in 


harmonious teamwork unequaled in the history of medical achievement. 
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INTRODUCTION 


The present study was undertaken to determine the clinical course of a group 
of persons with minimal pulmonary tuberculosis. Each person was admitted to 
study on the date of diagnosis and his clinical course was assessed at subsequent 


yearly intervals. The observations are combined to form a composite after- 


history in a manner which permits general conclusions to be drawn (1). 


MATERIAL 


A review was made of all original diagnoses of minimal pulmonary tuberculo- 
sis made by the hospital staff during the years 1937 through 1947. In no case 
had a diagnosis of pulmonary tuberculosis been previously made. The review 
included only persons whose established residence at the time of diagnosis was 
in one of the eight semi-rural counties served by the hospital. 

Two physicians,’ independently of one another and without knowledge of the 
subsequent clinical course, classified the diagnostic chest roentgenogram of each 
case according to the presence of pulmonary tuberculosis and the stage of dis- 
ease. The classification of the stage of disease was based on the Diagnostic Stand- 
ards (1940 edition), published by the National Tuberculosis Association (NTA). 
In the few cases in which there was disagreement, consultation was held to 
effect a mutually acceptable decision. 

The classification of the cases is shown in table 1. It is of interest that, of the 
196 cases considered either not to be pulmonary tuberculosis or to represent 
only pulmonary calcification, none has since been reported to the hospital as 
a case of tuberculosis. 

The clinical status of each case at the time of diagnosis was assessed on the 
basis of roentgenographic and bacteriologic data collected during the six months 
following diagnosis. This assessment reflects, with few exceptions, the opinion 
formed at the time by the hospital staff. Fifty-four cases were excluded from 
study because the length of observation was less than a full year and sufficient 
data were not available on which to assess the clinical status. On the other hand, 
18 patients were included in the present study who were first reported as cases 
of advanced tuberculosis but whose diagnostic chest roentgenograms actually 
showed minimal disease. 


' From Hermann M. Biggs Memorial Hospital, Ithaca, New York. 
? We acknowledge with gratitude the assistance of Dr. H. Charles Ellsworth in inter- 
preting the roentgenograms. 
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TABLE 1 
CLASSIFICATION OF Cases D1taGNosis or Minima PuLMOoNARY 
TUBERCULOSIS 
Total number of diagnoses reviewed 753 
Total number of cases excluded from study after review 269 
Reasons for exclusion 

No significant pulmonary disease 110 

Nontuberculous pulmonary disease 22 

Pulmonary calcification only i 

Moderately advanced tuberculosis 73 


~ active 


OF PATIENTS 


oe 


AGE 


Fic. 1. Minimal tuberculosis: age, sex, and status at diagnosis 


Thus the clinical material consists of 448 patients who were discovered to have 
minimal pulmonary tuberculosis during the eleven years from 1937 through 1947 
and who were followed until 1951. One hundred and thirty-four patients were 
considered to have active disease at the time of diagnosis, of whom 128 have had 
at least one sputum examination for tubercle bacilli. Up to the present time, 112 
have had at least one ‘positive’ sputum by some method. Three hundred and 
fourteen patients were considered to have arrested disease at diagnosis, of whom 
07 have had at least one sputum examination. Thirty-seven of these have been 
found to have sputum positive for tubercle bacilli by some method, usually 


after clinical relapse occurred. 

Despite the paucity of bacteriologic confirmation in the patients classified as 
having arrested disease, the abnormal roentgenographic shadows may reasona- 
bly be interpreted as pulmonary tuberculosis. Endemic histoplasmosis is infre- 
quent in the hospital district and, since a relatively static population inhabits 
this area, a significant number of immigrants with pulmonary histoplasmosis 
would not be expected. The same reasoning applies to coccidioidomycosis. 

In figure 1 may be seen the distribution of the patients by sex, as well as by 
age and clinical status at the time of diagnosis. This reflects the common clinical 
experience with minimal pulmonary tuberculosis, namely, that a group of pa- 
tients with active disease usually includes a greater proportion of young people 
and a greater proportion of females than a group with arrested disease (2, 3). 
Included in the study were one American Indian, 5 Negroes, and 442 whites 
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Fic. 2. Number of diagnoses each year. Minimal tuberculosis by status and type of 


eXamination. 


In figure 2 the number of admissions to study during each calendar year are 
presented, divided according to the clinical status as well as to the type of exami- 
nation by which diagnosis was established. The hospital diagnoses are those 
made by the medical staff on patients referred by private physicians because of 
symptoms or contact with a known case of tuberculosis. The survey diagnoses 
are those made by means of roentgenographic surveys of groups of apparently 
healthy people and by Selective Service preinduction chest photofluorograms. 

The material in figure 2 is of more than casual interest in that the annual num- 
ber of diagnoses by the hospital staff remains relatively constant throughout the 
eleven-year period. On the other hand, in the latter half of the period there is a 
significant increase in the number of survey diagnoses. 

The patients with survey diagnoses differed from those with hospital diagno- 
ses in several respects. Whereas fully two-fifths of the patients with hospital 
diagnoses were considered to have active disease on admission to study, only 
one-seventh of those with survey diagnoses were classified as having active dis- 
ease on admission. The group of patients with survey diagnoses includes twice 
as many males as females while the group of hospital diagnoses includes nearly 
twice as many females as males. The median age of the patients with survey 
diagnoses is eighteen years above the median age of the patients with hospital 
diagnoses. It is somewhat anomalous that, in contrast to the steady incidence 
of active cases over the eleven-year period, there was a fall in the hospital dis- 
trict tuberculosis death rate from 24 per 100,000 to 14 per 100,000. At the pres- 
ent time this death rate is approximately 8 per 100,000, and the current incidence 
of active minimal tuberculosis is comparable to that observed during the earlier 
eleven-year period. The steady incidence of active cases of minimal disease can- 
not be explained by an increase of the population of the hospital district since 
this rose only 3.5 per cent during the period of study. Furthermore, there was 
no increase (actually zero per cent) in the annual number of new patients re- 
ferred for examination because of symptoms or contact. 

It may be seen in table 2 that the median age of the patients with arrested 
tuberculosis increased during the later years of the study, a fact that can readily 
be explained by the rising influx of older patients with survey diagnoses. How- 
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TABLE 2 
Ace or Patients wirn Minimat CLassiriep 
BY Sratus at Diagnosis Year or Diagnosis 
STATUS AT DIAGNOSIS 


EAR OF DIAGNOSIS 
Arrested 


Total ‘ 42 
Male 26 


tw 
u 


1037-1938 
19390-1940 
1941 1942 
145 144 
1945 1046 
147 


Ww 


ever, the median age of the patients with active disease also rose, a fact which 


cannot be explained on the same basis. 


Method 


At the time of diagnosis and at annual intervals (anniversaries) thereafter, 
each patient was assigned to one or another category on the basis of information 
obtained from the medical record. With few exceptions, the clinical status as- 
signed by the writers to a patient at a given anniversary corresponds to that re- 


corded by the hospital staff on the basis of the NTA Diagnostic Standards (1940 
edition). If the condition of a patient changed between two anniversaries, his 
new status was assigned at the latter anniversary. The categories are as follows: 


Arrested: For six months or more prior to the anniversary, the patient’s sputum 
has been free of acid-fast bacilli and his serial chest roentgenograms have been com- 
patible with stable disease. When more than a year has elapsed between clinic ex- 
aminations and the chest roentgenograms show a stable lesion, the patient is 
continued in the arrested category throughout the interim 

Presumably arrested: The patient is known to be well and working full time but 
has not had a recent chest roentgenogram. The latest available roentgenograms are 
compatible with a stable lesion. In the event that a lapse of more than a year without 
examination precedes evidence of reactivation, the patient is assigned to the pre 
sumably arrested category during the interim 

Active: Within six months prior to the anniversary, the patient's sputum may 
have contained acid-fast bacilli but, if not, serial chest roentgenograms have shown 
unstable disease 

Died —tuberculosis: During the year prior to the anniversary the patient died of 
progressive tuberculosis 

Died—nontuberculous cause: During the year prior to the anniversary the patient 
died of causes known to be other than tuberculosis 

Lost: The patient became permanently lost to follow-up during the year prior to 
the anniversary 

Incomplete: The patient is alive and traced at that anniversary which occurs in 
1950, but he was admitted to study too recently to complete ten years of follow-up 


IS 
Female 
23 
39 
38.5 
38.0 
39.0 
41.0 
19.5 
4 
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Accordingly, he is assigned either to the active, the arrested, or the presumably ar 
rested category at his 1950 anniversary and to the incomplete category at his next 
succeeding anniversary. No use is made of information relating to changes of 
status which occur after the 1950 anniversary 
In table 3, columns (2)-(7) and (9) show the number of patients assigned to the various 
categories at each anniversary. In an earlier paper (1), it was pointed out that under cer- 
tain conditions the “‘incomplete’’ patients may be assumed to have a clinical course simi 
lar to the patients remaining under observation. This assumption is applied by multiply 
ing the entries of columns (2)-(7) by the appropriate correction factor in column (11), 
thereby obtaining the expected percentages which are entered in columns (12)-(17). The 
expected percentages in the form of a broken line graph are presented in figure 3 


RESULTS 


The clinical course of 448 cases of minimal pulmonary tuberculosis is pre- 
sented graphically in figure 3. It is evident that the relative proportion (134/448) 
of patients having active disease at diagnosis is a specific instance of a fraction 
which in general may have any value between zero (no active cases) and one 
(all active cases). It is also evident (see figure 2) that the later admissions to 
study contain a greater proportion of patients with arrested disease than the 
earlier admissions. Hence, the data collected before the fourth anniversary are 
disproportionately influenced by the clinical course of the patients admitted with 
arrested disease, while the data collected after the fourth anniversary are dis- 
proportionately influenced by the clinical course of the patients admitted with 
active disease. Taking these circumstances into account, the following conclu- 
sions appear warranted: 


1. Deaths from tuberculosis occur in the early anniversaries and continue 
throughout the ten years of observation. 

2. The percentage of patients considered to have active disease decreases 
progressively throughout the first three years and then shows little change for the 
ensuing seven years. 

3. Ten years after diagnosis a sizable proportion of the patients are lost and no 
longer available for follow-up examination. Losses to follow-up occur steadily 
throughout the study period. 


The 448 patients were then divided into two subgroups consisting of: 314 pa- 
tients classified as having arrested disease at the time of diagnosis and 134 


patients classified as having active disease at diagnosis. The influence which the 


clinical status at diagnosis exerts on the after-history can readily be examined 
in these subgroups. In addition, the distortions caused by the admission of vary- 
ing proportions of active and arrested cases are eliminated. The percentage of 
losses is unequal among the active and arrested cases (4 per cent and 10 per cent, 
respectively) and, since this inequality obscures comparisons between the two 
subgroups, consequently the losses will be disposed of by assuming that the 
untraced patients have an after-history similar to those who remain under ob- 
servation. The appropriate calculations are indicated in tables 4 and 5. 

The behavior of the 314 patients who were considered to have arrested disease 
at the time of diagnosis is shown in figure 4 and table 4. The essential points are: 


— 


cele 


6201 


AND ALLING 


ONS 


cet 


— 
= 
= 
~ 
= 
= 
= 
= 
= 


0000 


G 0 


LINCOLN, 


wnsaig 
peu 


prrsauy 


aa 


AMVSUSAINNY HOVG LY SOLVIg Ad WINIJY HLIM SINGILVG 


£ 


\ 
20 
= = = 
- 4 
+ = S < © © 
t- + t- = - ™N 
a 
= 
a 
= 
= = = 
= == = 
< N - 
- on ~ 
3 
L 
2 
S| 5 23 3228s 
* 
an = 


= 
= 


PULMONARY 


OF 


FTER-HISTORY 


SOLE} UL 


dod K (9) UUINOS AIBSIBATUUB SISO[NIJIGN) jo peep syuetjEd jo 91 


1008] snotaoid 404 40,08] 4 OL UUIN [OO = AIVSIOA 40} ) Il) 


JO} JOPOR] [RUOTSIAOIG 


' 


SAISNPOUL OF (Z) jo urns * 


JOQUINU [RIOT (8 


No 
—— 


LINCOLN, BOSWORTH, AND ALLING 


‘ 


ANNIVERSARY AFTER DIAGNOSIS 


Fic. 3. Status at anniversary. Total minimal at diagnosis: 448 cases 


All active disease results from relapse. 

Deaths from tuberculosis occur in the later years of observation. 

Deaths from all causes, including tuberculosis, during the ten-year period 
(see table 4) amount to 19 and do not exceed the expected mortality, which is 
25.6. 

At the tenth anniversary approximately one-eighth of the patients have either 
died of tuberculosis or have active disease. 


The after-history of the 134 patients who were considered to have active dis- 
ease at the time of diagnosis is set forth in figure 5 and table 5. The points of 
interest are: 


There is a rapid decrease in the percentage of active cases during the first three 
years, with little change thereafter. 

Deaths from tuberculosis occur during the first year of observation and con 
tinue throughout. At each of the ten anniversaries the combined percentage of 
tuberculous deaths and cases with active disease never falls much below 20. 

Deaths from tuberculosis during the ten-year period of observation (see table 
5) amount to 14 and significantly exceed the expected mortality from all causes, 
which is 4.3. 

From the third anniversary to the fifth, relapse accounts for an increasing pro- 
portion of patients who have active disease (see cross-hatched area of figure 5). 
A small percentage of the patients develop unremittingly active disease and survive 
to the end of the observation period. 


Recently, doubt has once more arisen with respect to the efficacy of bed-rest 
treatment in minimal tuberculosis. Mitchell (4) was unable to find any relation- 
ship between the primary progression-relapse rate and the duration of modified 
bed rest, which varied between two and six months. In order to examine this 
question in the light of the data presented above, the 134 patients with active 
disease at diagnosis were divided into two groups: 

Group A consisted of 62 patients who were hospitalized within three months 
of diagnosis and for an initial period of at least six months. Without exception, 
bed rest or modified bed rest was taken during this six-month period. Group B 
consisted of 72 patients who either were not hospitalized within three months 
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Fig. 4, Status at anniversary. Minimal arrested at diagnosis: 314 cases, 
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Fic. 5. Status at anniversary. Minimal active at diagnosis: 134 cases 


of diagnosis or failed to remain in the hospital for an initial period of six 
months. 

In Group A the median length of the waiting period between diagnosis and 
hospitalization was 3 weeks and the median length of hospital stay was 18.5 
months. On the other hand, Group B included 19 persons who were not hospital- 
ized at all. The median delay in hospitalization among the remaining 53 patients 
was 11 months and the median length of hospital stay was 9 months. There were 
no significant differences either in the age distributions or in the proportion of 
males and females observed in the two groups. The clinical course of the two 
groups of patients is compared in figure 6. 

There are several possible explanations for the lack of any striking difference 
in the clinical course of the two groups. First, the method of analysis employed 
is not sufficiently sensitive to detect a small but significant difference which may 
exist. Second, the criteria according to which the two groups were chosen have 
given rise to a biased selection of patients, i.e., the clinical material included in 
the two groups is not really comparable. For example, the patients in Group B 
may have delayed or refused hospitalization because they did not experience 
the distressing symptoms which commonly accompany progressive tuberculosis. 
Again, hospitalization may not have been recommended so frequently in Group 
B because the disease was thought to be of an indolent nature. 

In the opinion of the writers, the data shown in figure 6 should not be inter- 
preted as disproving the value of bed rest. Additional factors, such as those 
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Fic. 6. Comparison of clinical course: Group A—62 patients; Group B—72 patients. 
TABLE 6 
Revarse Rares* Amona Patients with Miniman AT 
Time or DiaGnosts 


Number of years of observation 

Number of patients with arrested disease 

95 

0 

0 0 0 


at beginning of year 
Number of relapses during year 
Relapse rate (in per cent 


* In caleulating these rates, only initial relapses are considered. Observation periods 


of one year or less in length are omitted betause of the inherent lack of precision in dating 


the event “relapse of disease’’ (see (1)) 


noted above, may explain the comparable clinical course of the two groups of 
patients. More study of the efficacy of bed rest is needed, preferably to include a 
larger number of patients placed on one of several regimens according to a pre- 
determined plan. 

Thus far, attention has been directed to the percentages of patients who have 
arrested disease, or active disease, or who are dead at various anniversaries of 
diagnosis. It is of some interest to determine the rates at which patients are 
being exchanged among the various categories and to assess the influence exerted 
on these rates by the passage of time. 

The relapse rate among patients who were under observation for a stated 
number of years is shown in table 6. The relapse rate for, say, the sixth year 
of observation is obtained by dividing the number of persons whose disease re- 
mains arrested for five years and who experience relapse in the sixth year by the 
number whose disease remains arrested at least five years and who are observed 
throughout the succeeding year. The table includes only relapses which could 
be dated with reasonable accuracy.’ The data in the table suggest that the re- 
lapse rate declines as the number of years of observed uninterrupted arrest 


* Of the 12 relapses which could not be accurately dated, 11 occurred during the first 
five years of observed arrest and one occurred after more than five years of arrest 
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TABLE 7 
Remission Ravres* AMONG PATIENTS MiNiMaL TUBERCULOSIS AT 
Time or DitaGnosis 


Number of vears of observation 2 3 4 5 6 7 
Number of patients with active dis 

ease at beginning of year 118 71 37 23 16 10 
Number of remissions during year. 45 26 4 3 3 1 
Remission rate (in per cent) 38.1 36.6 24.3 13.0 18.7 10.0 


* In calculating these rates, only initial remissions are considered. Observation periods 
of one year or less in length are omitted because of the inherent lack of precision in dat- 


ing the event ‘‘arrest of disease’’ (see (1)) 


increases. As the actual length of arrested disease may exceed the observed 
length as shown in table 5, the relapse rates should be regarded as minimum 
estimates. A total of 48 persons had at least one relapse during the study period. 
Of the 48 initial relapses, 39 were characterized by sputum positive for tubercle 
bacilli, accompanied by an increase in the roentgenographic shadows; while the 
remaining 9 represented roentgenographic progression unaccompanied by “‘posi- 
tive’ sputum. 

The rate at which remission (arrest of disease) occurred among patients who 
were under observation for a stated number of years is set forth in table 7. The 
remission rate for, say, the fifth year of observation is obtained by dividing the 
number of persons whose disease is continuously active for four years and who 
attain the arrested status in the fifth year by the number of persons whose dis- 
ease is active for at least four years and who are observed throughout the suc- 
ceeding year. The data in the table indicate that the remission rate declines as 
the number of years of observed uninterrupted active disease increases. 


DISCUSSION 


In a necropsy study of cases of sudden death, Medlar (5) observed that tu- 
berculous lesions of sufficient size to be evident on the chest roentgenogram 
always contain an area of necrosis. At the present time, the belief is widely held 
that liquefaction of the necrotic lesion and its dispersion through the airways 
cause extension of the tuberculous process. Thus, when a person with active 
minimal disease has a “‘spread,” it is because a necrotic area has disintegrated 
relatively early after its formation. Similarly, when a person with arrested dis- 
ease experiences a relapse, the necrotic focus has undergone a delayed disinte- 


gration and extension. 

It is clear that an indispensable requirement for relapse is the presence of 
virulent tubercle bacilli in the necrotic lesion which undergoes disintegration. 
A number of investigators, using either animal inoculation or cultural techniques, 
have found that the likelihood of demonstrating viable organisms decreases as 
the apparent age of the necrotic lesion increases. Sweany (6) was able to obtain 
positive cultures from only 10 of 286 calcified caseous (necrotic) lesions which, 
in his estimation, were more than ten years old. Canetti (7), on the basis of his 
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own studies and a careful review of the literature, concludes that caseous lesions 
approximately five years of age are positive by animal inoculation or on culture 
in 20 per cent of the cases. 

It is of some interest that the decrease in the relapse rate during the early 
years of observation (see table 6) is not inconsistent with the findings of Canetti 
and of Sweany, i.e., the longer the necrotic lesion remains intact, the smaller 
the probability of its containing viable organisms; hence, the less hazard of re- 
lapse. In addition, the observed decline in the relapse rate may reflect a decreas- 
ing tendency of the necrotic lesion to undergo dissolution. Bobrowitz (2), Reisner 
(8), and Mitchell (9) have likewise observed a steady decrease in the relapse 
rate in minimal tuberculosis during the first five years of observed arrest. It is 
not a hard and fast rule, however, that, in minimal tuberculosis, relapse is im- 
possible after five years of proved clinical arrest for, as every clinician knows, 
there are occasional exceptions. Recently the present writers have seen relapse 
occur in a patient with minimal disease who had had stable yearly chest roent- 
genograms over a period of thirteen years. 

The remission rates in table 7 show a marked and steady decline as the years 
of unremitting disease increase. It is the writers’ belief that the establishment of 
advanced disease with open cavity becomes more and more likely as the duration 
of active tuberculosis increases. 

The implications of the data in tables 6 and 7 provide an important clue to 
the changing proportions of patients who have either arrested or active disease, 
or who are dead (see figures 4 and 5). For example, the initially rapid decrease 
in the proportion of active cases shown in figure 5 is related to the high remission 
rate that is observed during the early vears after diagnosis. As a result of these 
remissions, a substantial number of patients with arrested disease is accumu- 
lated. However, since these patients have newly arrested disease, the relapse 
rate is high and, at the fourth anniversary, an increasing number of relapses is 
seen. Hereafter, the exchange between the various categories slows down, the 


patients with arrested disease tending to remain well and those with active 


disease tending to remain ill. 

The influence of decreasing relapse and remission rates on a group of patients 
who have arrested disease at diagnosis is demonstrated in figure 4. Relapses 
oceur during the first several anniversaries, resulting in a small number of cases 
of active disease. Some remissions occur at the earlier anniversaries but by the 
sixth vear after diagnosis a rather static situation is observed; a small propor- 
tion of patients have developed chronic disease but the great majority have 
arrested disease. During the later anniversaries an occasional relapse and a 
sporadic death occur 

What are the clinical implications of the results discussed above? The most 
important, perhaps, is that no one should be complacent about minimal tuber- 
culosis. During the years 1937-1947, when the patients in the present report 
were discovered to have tuberculosis, chemotherapy was not in general use. 
Minimal! disease which was active at the time of diagnosis could be expected to 
cause death or continuing disability in fully one-fifth of the patients. Minimal 


AFPTER-HISTORY OF PULMONARY TUBERCULOSIS 29 


disease which was arrested at the time of diagnosis could be expected to cause 
death or disability in fully one-eighth of the patients. The fact that relapse ap- 
pears to be relatively less frequent as the number of years of arrest increases is 
more than offset by the fact that the chances of remission decrease as the dura- 
tion of unremittingly active disease increases. Unremittingly active tuberculosis 
frequently results in death but it may also result in the so-called “good chronic” 
status (10). At the present time it appears that the person with undiagnosed 
chronically active disease plays an important, if not the principal, role in spread- 
ing pulmonary tuberculosis (11). 


SUMMARY 


During the vears 1937-1947, 448 residents of the hospital district were found 
to have minimal pulmonary tuberculosis, the disease being classified as arrested 
in 314 of them and as active in 134. There was an increase in the annual incidence 
of new cases of arrested minimal tuberculosis, but no change in the annual in- 
cidence of new cases of active minimal tuberculosis. Finally, the median age of 
the patient at the time of diagnosis rose significantly. 

Analysis of the follow-up data showed that: 

1. One-fifth of the persons who had active disease at the time of diag- 
nosis could be expected either to be dead of tuberculosis or to have 
active disease ten years later. 

2. One-eighth of the persons who had arrested disease at the time of 
diagnosis could be expected either to be dead of tuberculosis or to have 
active disease ten years later. 

3. There was a steady decline in the relapse rate as the duration of 
arrest of disease increased. 

1. There was a similar decline in the remission rate as the duration of 
active disease increased. 

There was a strong tendency for cases of newly diagnosed, active minimal 
tuberculosis to become arrested (high remission rate) and a moderate tendency 


for cases of newly arrested disease to become active again (moderate relapse 


rate). The weakening of these tendencies with the passage of time is consistent 
with certain pathologic and bacteriologic aspects of the necrotic lesion. 


SUMARIO 
La Historia Subsecuente de la Tuberculosis Pulmonar: [1] Tuberculosis Minima 


Durante los afios 1937-1947, se descubrié que 448 residentes de un distrito hospitalario 
tenian tuberculosis pulmonar minima, clasificdndose ésta como estacionada en 314 y como 
activa en 134. Observoése un aumento en la incidencia anual de nuevos casos de tuberculosis 
minima estacionada, pero no hubo cambio en la de nuevos casos de la forma minima activa 
Por fin, la edad media de los enfermos en la fecha del diagndéstico se elevé notablemente 

En andlisis de los datos aportados por la observacién subsiguiente revelé que 

1. Cabia esperar que la quinta parte de las personas que tenian afeecién activa 
al hacerse el diagnéstico bien hubieran muerto de tuberculosis o tuviesen enferme 
dad activa diez afios después 


2. Cabia esperar que la octava parte de las personas que tenfan afeecién esta 
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cionada al hacerse el diagnéstico bien hubieran muerto de tuberculosis o tuviesen 
enfermedad activa diez afos después 
4. Habia una baja constante en la tasa de recidivas a medida que aumentaba la 
duracién del estacionamiento de la dolencia 
4. Habfa una baja semejante en la tasa de remisiones a medida que aumentaba 
la duracién de la enfermedad activa 
Observése una poderosa tendencia al estacionamiento (tasa elevada de remisiones) de 
parte de los casos de tuberculosis minima activa recién diagnosticada y una tendencia 
moderada a la activacion (tasa moderada de remisiones) de parte de los casos de enfermedad 
recién estacionada. La atenuacién de esas tendencias con el transeurso del tiempo resulta 


compatible con ciertos aspectos histopatolégicos y bacteriolégicos de la lesién neerética 


RESUME 
Historique des suites de la tuberculose pulmonaire: 111 Tuberculose a minima 


Au cours des années 1937-1947, la tuberculose pulmonaire avee lésions minimales a été 
découverte chez 448 individus hospitalisés dans l’hépital régional, la maladie étant classifiée 
comme stabilisée chez 314 d’entre eux et active chez 134. L’incidence annuelle de nouveaux 
cas de tuberculose a minima stabilisée a subi un aceroissement, mais il n’y a eu aucun 
changement en ce qui concerne l’incidence annuelle de nouveaux cas de tuberculose a minima 
active. Enfin, l'Age moyen du malade au moment du diagnostic s’est élevé d'une fagon 
significative 

L’analyse des données fournies par la surveillance ultérieure des malades a indiqué que: 

1. Pour un cinquiéme des sujets atteints de tuberculose en activité au moment 
du diagnostic on pouvait prévoir soit le décés par tuberculose soit une tuberculose 
en activité dix ans plustard 

2. Pour un huitiéme des sujets présentant une tuberculose stabilisée au moment 
du diagnostic on pouvait prévoir soit la mort par tuberculose soit une tuberculose 
en activité dix ans plus tard 

3. Le taux des rechutes diminuait réguliérement A mesure que la durée de la 
stabilisation de la maladie augmentait 

4. Une diminution similaire du taux de rémission s’observait & mesure que la 
durée de l’activité de la maladie augmentait 

Il existait une tendance marquée A la stabilisation (taux de rémission élevé) pour les 
cas de tuberculose a minima active récemment diagnostiqués et une tendance modérée pour 
les cas récemment stabilisés A redevenir actifs (taux de rechute modéré). L’affaiblissement 
de ces tendances avec le temps s'accorde avec certains aspects pathologiques et bactériolo- 
giques de la Iésion nécrotique 

REFERENCES 

(1) Bosworrn, B., Autina, D. W.: The after-history of pulmonary tuberculosis: 
I. Methods of evaluation, Am. Rev. Tubere., 1954, 69, 37. 

(2) Bosrowrrz, 1. D., Hurst, A., AND Martin, M.: Minimal tuberculosis: The prog- 
nosis and clinical significance of a sanatorium-treated group, Am. Rev. Tubere., 
1047, 66, 110 

(3) Cuana, R.: Minimal pulmonary tuberculosis: Its significance in relation to the age 
of the patient, Am. Rev. Tubere., 1948, 58, 612 

(4) Mrrenene, R. 8.: Late results of modified bed rest in active uncomplicated minimal 
pulmonary tuberculosis, Am. Rev. Tubere., 1953, 67, 401. 

(5) Mepiar, E. M.: The pathogenesis of minimal pulmonary tuberculosis, Am. Rev. 
Tubere., 1948, 58, 583 

(6) Sweany, H. C., Levinson, 8. A., AND Strapnicnenko, A. M. 8.: Tuberculous infec- 
tion in people dying of causes other than tuberculosis, Am. Rev. Tubere., 1943, 


48, 131 


4 
=| 
5 
al 
q 


AFPTER-HISTORY OF PULMONARY TUBERCULOSIS 31 
(7) Canetti, G.: Exogenous reinfection and pulmonary tuberculosis: A study of the 
pathology, Tubercle, 1950, 31, 224. 
(8) Reisner, D.: Incipiency and evolution of pulmonary tuberculosis: IL. The behavior 
of the initial lesion and course of the disease during observation period, Am. 
Rev. Tubere., 1948, 47, 229 
(9) Mrreneue, R.S8., anpb Knupson, J. R.: The results of treatment of active minimal 


pulmonary tuberculosis with ‘‘modified’’ bed rest, Am. Rev. Tubere., 1950, 67, 
soo 


(10) Brown, L., Sampson, H.L 


The fate of the “good chronic” case of tuberculosis; 
a vardstick for the results of thoracoplasty, J. A. M. A., 1934, 103, 913 

(11) Meptar, FE. M.: The undetected seedbed in tuberculosis, New York State J. Med., 
1952, 52, 1987. 


: 


TUBERCULOSIS MORBIDITY AND MORTALITY AMONG MENTAL 
PATIENTS AS COMPARED WITH THE GENERAL POPULATION’ 
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(Received for publication December 4, 1953) 
INTRODUCTION 


The greater frequency of tuberculosis as a cause of illness and death among 
mental patients as compared with the general population has been known for 
a long time and has been considered by some to be due to constitutional factors 
which render patients with mental diseases more susceptible to tuberculosis. 
That constitutional factors are involved in the development of tuberculosis has 
been shown by the animal experiments of Lurie (1) and the twin studies of Kall- 
mann and Reisner (2). These writers also admit the importance of environmental 
factors, but their studies provide no indication of the relative importance of 
each in the development of the disease among humans. The question, therefore, 
is not whether constitutional factors are involved, but rather whether they are 
of greater importance among mental patients than among the mentally well. 

As far as mental patients are concerned, the importance of determining the 
true explanation lies in the course of action necessitated by the acceptance of 
a greater constitutional lack of resistance as the major factor in the development 
of tuberculosis. Such an explanation implies that, in order to protect those with a 
greater hereditary susceptibility, the methods ordinarily applicable in the control 
of tuberculosis—early diagnosis, segregation, and treatment-—-may have to be 
intensified to an impracticable degree. As an example, if mental patients have a 
significantly lower constitutional resistance to tuberculosis, biennial or annual 
roentgenographic examinations may be considered much too infrequent to reduce 
the period of exposure to unrecognized infectious tuberculosis, and even semi- 
annual examinations may not reduce exposure enough to prevent considerable 
spread of the disease among the patients within the institutions. Moreover, 
other extraordinary procedures not practicable in large institutions, such as 
extremely long periods of segregation of all tuberculous patients, may be neces- 
sary to shield nontuberculous inmates from possible exposure to infectious tuber- 
culosis. Furthermore, treatment of the tuberculosis of constitutionally less 
resistant patients may be expected to be less effective than if there were no such 
innate lack of resistance. On the other hand, if the development of tuberculosis 
by mental patients is basically similar in origin to that of the general population, 
similar results may be expected among the mentally ill to those obtained from 
the tuberculosis control methods now being applied to the population as a whole. 

It is the purpose of the present report to study the available data in an effort 
to determine whether the higher tuberculosis morbidity and mortality among 
the mentally ill may be explained on epidemiologic grounds other than constitu- 

' From the Division of Tuberculosis Control, New York State Department of Health, 
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tional, within the concept of tuberculosis as an infectious disease. The study is 
based upon the assumption that, if the differences in tuberculosis morbidity 
and mortality rates between mental patients and the general population can be 
explained by the characteristics of the disease, such as differences in distribution 
in age and conditions of exposure, there is no need to assume any differences in 
resistance to tuberculosis between the two groups on a hereditary basis. 


MATERIALS AND METHODS 


The data presented were obtained during the course of a tuberculosis control 
program conducted jointly since 1941 by the New York State Departments of 
Health and of Mental Hygiene among the 90,000 patients in the 20 hospitals 
of the latter department. This program includes chest roentgenograms of all 
patients on admission, periodic chest roentgenographic surveys of patients in 
all institutions, and segregation and treatment of tuberculous patients. The 
term clinically significant is used for cases of pulmonary tuberculosis classified 


as active, quiescent, apparently arrested, or arrested in the 1940 edition of Diag- 


nostic Standards published by the National Tuberculosis Association or as active 
or arrested in the 1950 edition. Cases classified as apparently cured in the 1940 edi- 
tion or as inactive in the 1950 edition are considered not clinically significant. Be- 
cause of the nature of the material, it was found more practical to consider details 
under the various headings in the discussion. 


OBSERVATIONS 


In comparing the tuberculosis morbidity and mortality among mental patients 
and the general population of New York State, certain basic differences between 
the two groups must be recognized and their importance considered in any 
conclusions drawn. The differences include the following factors: 


Morbidity data are more nearly complete and more accurate for mental patients 
All mental patients have chest roentgenograms upon admission to institutions and 
periodically thereafter, so that the presence or absence of pulmonary disease is known 
In the general population, on the other hand, chest roentgenographic examinations 
are made infrequently so that, for the population as a whole, much of the essential 
basic data regarding the prevalence and incidence of tuberculosis are not available 
As « result, statements regarding tuberculosis morbidity among mental patients have 
a much better basis in factual data than those for the general population 

There is a marked difference in the age distribution of patients in mental hospitals 
as compared with the rest of the State’s population. Thus, the average age of patients 
in mental hospitals is about fifty-three years (3), while that of the general popula 
tion is about thirty-four. This difference is of great importance because of the correla 
tion between age and morbidity and mortality from tuberculosis 

Because of the higher average age of mental patients and because of factors asso- 
ciated with their mental disease, patients in mental hospitals have more physical dis 
ease, other than tuberculosis, than the general population 

There are marked differences in environment. The effect of hospitalization of pa 
tients with mental disease, with resulting overcrowding and increased opportunity 
for exposure to infectious tuberculosis, must be considered. To this should be added 
the possible effects of poor personal hygiene and poor feeding habits of some patients 
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TABLE 1 
PREVALENCE OF CLINICALLY PutmMonary TupercuLosis AMONG 
Apmirrep on Reapmirreo TO Menta Hosprrars 1949-1951, 
Upstate New York anp New York Stare 


VEAR OF ADMISSION OR READMISSION 


1949 1980 


ARPA AND SEX 
Cases Cases Cases 
of Ty of Ty 
Tu Tu Rate Tu 
bercu bercu bercu 


losis losis losis 


 patatet 
Both Sexes 25,542 309 1.2 8,657 & 416 OS 
Males 12,833 21 4,566 210 67 
Females 12,700 108 OS 4,291 36 ,206 
Vew York State 
Both Sexes 62,734 1,101 8 21,200 


20,674 389 370 


l 1.8 
Males 30,900 THA: 10,512, 220 | 2.2 |10,138 279 | 2 250 246 2.4 
Females 31,834 347 10,748 113) 1.1 1 1.2 


10,536 110 124 


* Clinically significant: cases of pulmonary tuberculosis classified as active, quiescent, 
apparently arrested, or arrested in the 1940 edition of Diagnostic Standards, published by 
the National Tuberculosis Association, or as active or arrested in the 1950 edition 

t New York State, exclusive of New York City 


As a result of these limitations of the available data and the differences be- 
tween the two groups, the present report cannot make a precise numerical com- 
parison of the real tuberculosis morbidity and mortality among mental patients 
and the general population. It is, rather, an attempt to piece together a sufficient 
number of small bits of information, each of which by itself may be of slight im- 
portance, but which in summation will be sufficient to show with some degree 
of clarity a good, though incomplete, view of the epidemiology of tuberculosis 
among mental patients. 

The prevalence of tuberculosis among patients upon admission to mental hos- 
pitals will be considered first, followed by study of the incidence, mortality, 
and prevalence among patients after admission. 


Prevalence of Tuberculosis Among Patients on Admission to Mental Hospitals 


Chest roentgenographic examinations made at the time of admission or read- 
mission of patients to mental hospitals in Upstate New York (New York State 
exclusive of New York City) from 1949 through 1951 revealed clinically signifi- 
cant tuberculosis in 1.2 per cent of all patients (table 1). 

There is no accurate information available regarding the prevalence of clint- 
cally significant tuberculosis in the adult population of the upstate area, but 
from such data as are available it is estimated at approximately 0.55 per cent. 

This figure is obtained as follows: 


The rate obtained in mass surveys was applied to the upstate population 
(more than fifteen vears of age), excluding those admitted to general hospitals. To 


‘ 
TOTAL 
1951 
Cases 
Rate Num. of Tu Rate 
ber bercu 
losis 
i per per per per 
cont cent cont cent 
1.2 | 8,469 112 | 1.3 
1.6 | 4,257) 71 | 1.7 
0.7 | 4,212) 41 | 1.0 
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the latter portion of the population the rates found among general hospital admis 
sions were applied. The number of cases thus estimated in these two segments 
of the population, comprising the unknown cases, added to the known cases on 
the tuberculosis case registers of the various cities and counties in Upstate New 
York constitute the total number of cases present in the general population. 
This calculation produces an estimate of 28,857 cases, and a prevalence of 0.55 


per cent. 


The value obtained is believed to be an underestimate, since the mass surveys 
are held predominantly in rural and smaller population areas where the rates 
are known to be lower. Moreover, there is a widespread feeling that the groups 
most likely to profit from surveys are least likely to appear for examination. 
The data used in this table refer only to the upstate area rather than to the en- 
tire State, including New York City. Information is available only for upstate 
of the prevalence of tuberculosis by age and sex among persons examined in 
community surveys and general hospital admissions for a similar time period 
(1949-1951) to that for the mental hospital admissions studied here. Moreover, 
recent data from the tuberculosis case registers are available for the upstate 
area. Neither of these sets of data is available for New York City, but conclu- 
sions based upon Upstate New York data are probably applicable to the State 
as a whole. 

If the rate of 0.55 per cent is used, then there is twice as much tuberculosis 
among mental patients on admission to mental hospitals as in the general up- 
state population. This excessive amount of tuberculosis among mental patients 
might at first glance be interpreted as evidence in favor of a constitutional in- 
feriority which makes them more susceptible to tuberculosis, as the disease is 
diagnosed upon admission, before the adverse environmental factors associated 


with hospitalization (such as overcrowding and exposure to unrecognized cases 
of tuberculosis) have had an opportunity to exert their effect. There are several 
factors, however, which explain, in part at least, the difference in tuberculosis 


prevalence between the two groups: 


Differences in age distribution explain part of the discrepancy. Mental patients are 
considerably older than those examined in mass surveys, or those admitted to general 
hospitals, or the population of the State as a whole. When the age distribution of the 
general population is adjusted so that it is similar to that of mental hospital admissions, 
there is a relative increase of approximately 25 per cent in the prevalence of tuberculosis 
in the general population, from 0.55 per cent to 0.69 per cent. 

Patients admitted to mental hospitals are, to a considerable extent, drawn from those 
population groups among which the prevelance of tuberculosis is high so that, in general, 
those areas of the State which have high rates of reported cases of tuberculosis also have 
high mental hospital admission rates. A close correlation throughout the State between 
the tuberculosis case rates per 100,000 population and the mental hospital admission rates 
are shown in columns 3 and 6 of table 2. This need not necessarily be interpreted to mean 
that there is a cause and effect relationship between mental disease and tuberculosis, but 
simply that there are factors common to both types of disease. If an allowance is made for 
the correlation between tuberculosis case reports and admission rates from the various 
population centers of the State, the prevalence among admissions to mental hospitals 
may be expected to be greater by approximately 17 per cent, and perhaps more. 


36 KATZ, KUNOFSKY, AND LOCKE 
a TABLE 2 
Tupercutosis Case Rerortr Rares anp Rates or First ApmMissions To Menta Hos- 


PITALS FOR CERTAIN SUBDIVISIONS OF New York City anp UpstTaTE, AND CORRELATION 
Berween Turnercucosis Rates anp Apmission Rares 1946-1950 


TUBERCULOSIS CASES REPORTED*® MENTAL ADMISSIONS? 
Number Rank Number Rank 
1 Q2 ; “4 5 (6 
New York City 
Manhattan 18,066 193.0 l 17 , 857 181.7 l 
Bronx 5,122 70.4 ¢ 5,838 80.2 9 
Brooklyn 10,087 73.5 s 13,930 101.5 5 
Queens +, 600 59.3 10 41,948 63.6 11 
Riehmond 528 55.0 12 710 73.9 10 
Upstate 
Buffalo 4,533 152.6 2 2,924 Os 4 6 
o Rochester 1,269 76.2 6 2,050 123.2 3 
- Other places over 100,000 2,261 89.5 3 3,138 124.0 2 
Places 25,000- 100,000 3,597 76.2 7 +, 308 91.2 8 
Places 10,000- 25,000 3,502 82.5 5 3,876 93.6 7 
Places 2,500- 10,000 2,803 84.2 3,545 103.1 4 
Rural 7,252 56.0 1! 8,085 §2.5 12 


The rank correlation is 0.84. The standard error is 0.30. The probability that this is 
due to chance is less than 0.01 

* Upstate reported cases from annual reports of New York State Department 
of Health, Office of Vital Statistics. New York City reported cases from 1952 report of 
New York Tuberculosis and Health Association 

t Data for mental hospital admissions from annual reports of New York State Depart- 


ment of Mental Hygiene 


These calculations are based on case rates because prevalence rates by area 
were not available. Since prevalence, incidence, and mortality are related, the 
relative effect should be similar regardless of which index is used. The manner in 
which the effect of the correlation was calculated is shown in table 3. 

Essentially, two calculations are made: One assumes correlation and one does 
not. Column | in table 3 shows the actual number of admissions to the mental 
hospitals from twelve subdivisions of the State. Column 2 shows the same total 
distributed in proportion to the general population of these areas; this assumes 
that the admission rate was the same in these twelve areas. Column 3 shows the 
tuberculosis case rates for these subdivisions of the State 

Columns 4 and 5 show the tuberculosis rates in column 3 applied to columns 
| and 2. This shows that the number of cases among admissions is much higher 
in column 4 (where correlation exists) than in column 5 in those areas where 
tuberculosis rates are high; the number is less in areas with low tuberculosis 
. rates. The increase in the high tuberculosis areas, however, exceeds the decrease 

in the low tuberculosis areas, so that there is a greater number of cases for the 
State as a whole when computed on basis of correlation. The ratio of the number 
obtained on the basis of correlation to that without correlation shows to what 
extent prevalence among mental admissions should exceed that of the general 
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TABLE 3 
AcTUAL NUMBER oF First ApMISSIONS AND EstimaTep NUMBER (BASED ON ABSENCE OF 
CORRELATION BETWEEN ADMISSION AND TuBERCULOSIS Rates); Rerorrev Case Rares 
(Usep as aN INDEX oF PREVALENCE OF TUBERCULOSIS) IN THE SUBDIVISIONS OF NEW 
York STaTe AND EsTIMATES OF THE NUMBER OF TUBERCULOSIS Cases AMONG ApMIs- 
SIONS Basep ON THE PRESENCE AND ABSENCE OF CORRELATION, 1946-1950 


RELATIVE MBER 
FIRST ADMISSIONS OF TUBERCULOSIS CASES 
(1946-1950 EXPECTED AMONG 
REPORTED Tt ADMISSIONS ON BASIS OF 
BERCULOSIS 
ASE RATE 
Number Ex 

00,000 
pected on 
Positive Basis of Pop 

€ 
Sorrelation 


Case Rates Case Rates 
x Actual & Estimated 
Admissions Admissions 
ulation (No (Corre No Corre 
Correlation lation lation 

1 (2 4 5 


New York State 71,209 71,209 
New York City 13,283 39,091 
Manhattan 17,857 9,709 
Brooklyn 13,930 13,563 
Bronx 5,838 7,181 
Queens 4,048 7,682 
Richmond O4S 
Upstate 
Buffalo 2,92 2,934 
Rochester 2,0 1,645 
Places of 
100, 000-250 000 
25 000-100 000 
10 000-25 
2, 500-10, 000 
Rural 


weonw 
sw S&S te 


~ 


New York State total 


population on the basis of this factor alone. The number based on correlation is 
74.95, while that based on lack of correlation is 63.87; the former is 17.3 per cent 
greater than the latter. 

Since the subdivision of the State into twelve areas is crude, it appears that, 
were data for mental hospital admission rates available for smaller subdivisions 
as they are for tuberculosis case rates, a much greater percentage of the difference 
between the prevalence of tuberculosis in the general population and that of 
admissions to the mental hospitals would be accounted for. 


Faris and Dunham (4) found that, in the city of Chicago, “high insanity 
rates appear to cluster in the deteriorated regions in and around the center of 
the city, no matter what race or nationality inhabits that region.” Since it is 
well known that such areas have high tuberculosis rates, this constitutes sup- 


porting evidence of the geographic relationship between the prevalence of men- 


tal disease and tuberculosis. 
In addition to age and economic status, the presence of nontuberculous or- 
ganic disease and its effeet upon the prevalence of tuberculosis must be con- 


143.02 3S 
193.0 34.46 18.74 
73.5 10.24 0.97 
70.4 4.11 5.06 
59.3 2.93 1b 
55.0 0.39 0.52 
152.6 4.46 4.48 
76.2 1.56 1.25 
Su 23 
76 
ith 
16 

74.05 
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sidered. At the time of admission these patients suffer to a considerable extent 
from other diseases (5). Although the extent of morbidity from all diseases in 
the general population is not known, it is presumably much less than among 
mental patients. It seems quite reasonable to assume that the presence of these 
other diseases may reduce patients’ resistance to tuberculosis, even though the 
relationship between the two cannot be stated quantitatively. 

In this attempt to explain the reason for the differences in the tuberculosis 
prevalence rate among patients on admission to mental hospitals and the general 
adult population, it must be emphasized that the individual figures used in mak- 
ing the comparisons are not to be taken too literally. Rather, they are used to 
demonstrate that there are factors of epidemiologic importance which show why 
differences in prevalence must be expected, even though the quantitative extent 
of these differences cannot be entirely explained. They show that the signifi- 
cance of the difference in prevalence in the two groups is considerably less than 
the gross figures indicate. 


Ineidence of Tuberculosis Among Patients Within Mental Hospitals 


As the study of the incidence of tuberculosis is concerned with the rate of de- 
velopment of new cases, only those patients whose roentgenograms show evi- 
dence of tuberculosis following one or more previously negative films are in- 
cluded in this portion of the report. All of the twenty mental hospitals of the 
Department of Mental Hygiene have had three chest roentgenographic surveys, 
while fifteen have had four. In order to have as long a period of observation as 


possible, only those with four surveys are considered. Conclusions based upon 
the findings in these fifteen hospitals are considered valid for all because the 
incidence rates obtained in them up through the time of the third survey were 
quite similar to those for the entire group. 

In comparing the incidence of tuberculosis among mental patients with that 
for the general population, the interval between 1941 and 1952 is considered 
separately for three periods. During the period between the first and second 


surveys, 1941-1944, the average tuberculosis incidence was 5.6 per 1,000 person- 
years. In the period between 1945 and 1948 (period between second and third 
surveys), the rate decreased to 3.2 per 1,000 person-years; and between 1949 
1952 (third to fourth surveys), there was a further decrease to 2.2 (table 4A). 
Thus, using the incidence rate obtained in the time between the first and second 
surveys as a basis for comparison, there was a decrease of 43 per cent during 
the interval between the second and third, and 32 per cent between the third 
and fourth surveys. For the entire period the decrease was 61 per cent. 

In attempting a comparison of the incidence among mental patients with 
that in the general population, the same obstacle is met as when prevalence 
rates were considered absence of reliable data for the State as a whole. How- 
ever, in order to obtain some figures as a basis for comparison, even though they 
may be only an approximation of the actual rates, the tuberculosis cases re- 
ported per 100,000 population of Upstate New York for the period between 1941 
through 1952 may be used as an index of the rate of development of tubercu- 
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TABLE 4 
COMPARISON OF INCIDENCE OF PULMONARY TUBERCULOSIS AMONG MENTAL 
PATIENTS AND TupercuLosis Case Rates ror New York State 
1941-1952 


A. Incidence of Pulmonary Tuberculosis in Mental Hospitals 


FIRST-SECOND SECOND- THIRD THIRD- FOURTH 
SURVEY SURVEY SURVEY 


Rate 
per 
1,000 
Person 
Vears 


Rate 
per 
1,000 
Person 
y ears 


Rate 
per 
1,000 
Person 
Years 


Cases of 
Tubercu 
losis De 
veloped 


Cases of 
Pubercu 
losis De 
veloped 


Cases of 
Tubercu 
losis De 
veloped 


595 


303 


All ages 1,081 3 
Less than 25 55 3 
25 44 ind 219 4 
45-4 411 240 3 
2 
3 


25 


tw 


| 
tS Ww te 
tw 


65 and older 120 111 
Per cent decrease from previous period 1 


Per cent decrease from first period 
B. Tuberculosis (Respiratory) Case Rates, New York State 1941-1952 


1941-1944 1945-1948 1949-1952 


Rate 
per 
1,000 

Popu 
lation 


Rate 
per 
1,000 

Popu 
lation 


Cases of 
Tubercu 
losis Re 


ported 


Cases of - Cases of 
Tubercu 
losis Re 


ported ported 


All ages 562 0.99 46,656 O.82 45,166 
Less than 2! 618 0.58 10,560 0.52 9,972 
25-44 22,839 1.23 17,085 0.90) 16,199 
45 O4 5,477 | 1.23 14,452 OS 13,887 
65 and older 628 1.13 4,509 OO 5,108 
Ages adjusted to mental hospital popula 

tion 19 
Per cent decrease from previous period 17.1 
Per cent decrease from first period 


losis in the State. Admittedly, not all cases of tuberculosis are reported, and 
not all cases reported in any given year are developed during that year. Never- 
theless, if case-finding activities remained at about the same level during the 
period, the ratio of cases reported to the adult population might be used as an 
approximation of the incidence rate and, perhaps somewhat more accurately, 
as an indication of the trend of incidence during this time period. 

Based upon this assumption, table 4B shows average incidence rates for the 
New York State population for the three time periods. When the age distribu- 
tion is adjusted to that of patients in mental hospitals, the rates are about 1.2, 
1.0, and 0.9, respectively. Between the first and second periods, the incidence 


decreased 17 per cent; between the second and third, 6 per cent; while for the 


entire time, the decrease was 22 per cent. As shown in table 4 (A and B), the 


—_ 

31.9 
61.3 

0.75 
0.46 
0.97 
1.00 
0.92 
6.2 
22.2 
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incidence rate among mental patients, which was about five times that of the 
general population during the first period, was less than 2.5 times as high by the 
time of the third period. Thus, it is obvious that, while tuberculosis develops 
at a higher rate among mental patients than in the general population, the dif- 
ferences in rates are becoming smaller. 

The causes of the decreasing incidence in the general population are multiple 
and difficult to determine, although those factors usually included in the term 
“improved standards of living” are of considerable importance. Among hos- 
pitalized mental patients the earlier diagnosis and segregation of infectious cases 
of tuberculosis are probably the most important causes. It must be recalled that 
prior to the beginning of the tuberculosis control program in the mental institu- 
tions, due to the lack of sufficient case-finding facilities, there were many per- 
sons with unrecognized tuberculosis in almost all wards of all institutions who 
acted as foci of infection for the rest of the ward populations. The inauguration 
of periodic roentgenographic examination of all patients made possible the earlier 
recognition and segregation of such cases, with consequent decrease of exposure 
of the rest of the patients. 

The greater decrease in incidence among mental patients than in the general 
population of the State during the same time period can therefore be interpreted 
as evidence that improvement in environmental conditions is responsible for 
most of the change, since hereditary factors can hardly manifest themselves so 
markedly in such short periods of time. 

Not only is the total incidence decreasing rapidly among mental patients, 
but also the rates for the individual hospitals are approaching in magnitude 
those estimated for the general population. For example, during the time be- 
tween the first and second surveys, only one of the fifteen hospitals had rates 
of less than 2 new cases of tuberculosis per 1,000 person-years (two per 1,000 
patients per year), while for the fourth survey period, seven had rates as low 
(table 5). Although the total incidence rate of 2.2 per 1,000 person-years for 
mental patients is still more than twice as high as that estimated for the general 
population of the State in the same age brackets, the rapid decrease in incidence 
during the past eleven years, in spite of considerable overerowding of all mental 
hospitals, provides strong evidence of the effectiveness of the basic measures 
used to control this disease. 

It may therefore be concluded that mental patients respond well to the ordi- 
nary preventive measures used in the control of tuberculosis, early diagnosis 
and early segregation. It may also be inferred that there is nothing inherent in 
mental disease per se which predisposes these patients to tuberculosis. 


Tuberculosis Mortality 


The higher tuberculosis death rates among mental patients as compared with 
the general population, shown in table 6, is one of the reasons for the impression 
that mentally ill patients do not react to tuberculosis as well as sane persons. 
Closer examination of some of the factors involved in the higher death rates, 
however, shows that, as in the case of morbidity from this disease, much of the 
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TABLE 5 
IncipENcE oF TUBERCULOSIS IN INDIVIDUAL MENTAL HosperraLs BY 
Survey Periops 


PERIOD BETWEEN SECOND AND THIRD PERIOD BETWEEN THIRD AND FOURTH 
SURVEYS SURVEYS 


PERIOD BETWEEN FIRST AND SECOND 
SURVEYS 


Rate per Rate per Rate per 

Institution Institution Institution 
Years Years Years 

1. Brooklyn 1.4 1. Brooklyn 1.2 1. Brooklyn 0.4 
2. St. Lawrence 2.3 2. Rochester 1.7 2. Rochester 0.8 
3. Manhattan 2.4 3. St. Lawrence 1.9 3. St. Lawrence 0.9 
4. Willard 3.6 3. Willard 1.9 t. Manhattan 1.3 
5. Gowanda 5.3 4. Manhattan 2.1 5. Gowanda 1.6 
6. Hudson River 5.5 5. Buffalo 2.4 6. Creedmoor 1.8 
7. Buffalo 6.3 6. Gowanda 2.8 7. Utiea 1.9 
7. Rochester 6.3 7. Hudson River 3.0 8. Central Islip 2.1 
S. Kings Park 6.6 S. Creedmoor 3.4 9. Willard 2.5 
8. Harlem Valley 6.6 %. Kings Park 3.5 9%. Buffalo 2.5 
9. Creedmoor 7.1 9. Marey 3.5 10. Kings Park 2.7 
10. Central Islip 7.2 10. Central Islip 3.8 11. Marey 2.8 
li. Utiea 7.4 11. Harlem Valley 5.1 11. Hudson River 2.8 
12. Marey 7.7 12. Utica 5.3 12. Binghamton 3.0 
13. Binghamton 8.5 13. Binghamton 6.5 13. Harlem Valley 3.7 


difference in mortality between the two groups can be explained upon epidemio- 
logic grounds other than constitutional. Among these factors are the following: 


There is more tuberculosis among mental patients, so that more deaths from this 
disease must be expected. The high prevalence among patients on admission to the 
mental hospitals and the high incidence subsequently result in a much higher con 
centration of tuberculosis among patients within these hospitals than in the general 


population, so that higher death rates are inevitable. 

The higher average age of mental patients as compared with the general population 
(fifty-three and thirty-four years, respectively) carries with it a higher tuberculosis 
mortality, since tuberculosis is more frequently a cause of death among older persons, 


especially among males, as shown in table 7. This table also shows that, when the 
age distribution of the State’s population is adjusted to correspond with that of 
hospitalized mental patients, the ratio between the death rates is considerably 
reduced. Thus, for 1949 the rate for the State as a whole is increased about 59 per 


cent. 

The rapid decrease in the tuberculosis death rate which has occurred among 
hospitalized mental patients during the past few years provides strong evidence of the 
importance of environmental factors upon the death rate, since changes due to 
constitutional factors cannot be expected to produce such results in so short a time 


period 

Thus, no definite trend in tuberculosis mortality among mental patients from 1935 
to 1941 is shown in table 6. With the beginning of the tuberculosis control program in 
the fall of 1941, the rate increased considerably, probably becauseof the disclosure by the 
initial chest roentgenographic surveys of the large number of hitherto unknown cases 
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TABLE 6 
Deatus From (Aut Forms) ano Rates per 100,000 ror 
PaTientTs Menta Hosprrats AND ror New York STaTE 


MENTAL HOSPITALS NEW YORK sTATETt 
RATIO OF MENTAL 


HOSPITALS TO 
Number of Rate per Number of Rate per NEW YORK STATE 
Deaths 100,000 100,000 


1935 400" 676.‘ 70. 
1936 418" 667 71 
1937 769 

1038 639 

1939 433° 

1940 161 655! 6,071 

82 671 5,008 

1942 50S 5,754 

1943 60S S39 6,122 

1044 783.5 5,845 

1045 477 5,768 

146 467 635.‘ 

1947 402 

1048 410 553 

149 342 433.) 

1050 275 353 


1951 229 273.3 


* Estimated 
t Fifteen years of age and older 


TABLE 7 
Tupercutosis Deatu Rates rer 100,000 (ALL Forms) py Ace in Menta Hosprtats 
snp New York Stare, 19 Ace-Apsustep Rares ror THe State Basep Upon 
Mentat Hosertrat Porutation Ace Distrisution* 


MENTAL PATIENTS NEW YORK STATE 


All ages 505.3 
Less than 25 291 
34 472.: 
4 
351 .¢ 
553 
74 
75 and older 574 
New York State adjusted rate 
Per cent increase of age adjusted rate over crude rate 


* Exeludes three mental! hospitals located in New York City 


of tuberculosis, so that the diagnosis of tuberculosis as the cause of death was made 
more frequently. Since 1943 the death rate has been decreasing continuously, the 
rate of decrease comparing favorably with that of the State as a whole. 

This decrease is particularly significant because it has occurred in spite of the much 
larger percentage of mental patients in the older ages. Among older persons in the 
general population, reductions in tuberculosis death rates have been considerably 


42 
5 9.6 
5 9.3 
0 11.3 
10.7 
7 10.8 
6 11.6 
7 12.3 
2 12.9 
15.0 
0 14.8 
12.8 
13.2 
12.3 
12.6 
11.5 
11.1 
3,373 29.1 9.4 
AGE 
20.8 
6.9 
24.1 
35.0 
47.7 
61.1 
64.8 
59.1 
47.4 
59.1 
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smaller than among younger persons. Most of the decrease in mortality among mental 
patients is probably due to the decrease in the rate of development of the disease. This 
will be discussed when the prevalence of the disease is considered. 

Since specific measures for the treatment of tuberculosis, such as pneumothorax 
and surgery, have been used only to a minimal extent and antimicrobials have not 
yet been used sufficiently long and upon a large enough number of patients to affect 
the death rate, the decrease in mortality is not yet a reflection of improvements in 


therapy. 

The importance of coexisting organic disease must be considered with regard to its 
effect upon tuberculosis mortality as well as upon morbidity. If concurrent nontuber- 
culous organic disease can lower patients’ resistance to the point at which they will 
develop tuberculosis under conditions which ordinarily would not result in its develop 
ment, it also appears reasonable to assume that this reduction in resistance may 
sometimes mean the difference between recovery from tuberculosis and death. 

There are probably differences in the accuracy of diagnosis and reporting of tuber 
culosis as the cause of death which affect the relative rates in the two groups. In the 
general population, unless evidence of the presence of tuberculosis is definite during 
the life of the patient, there is a reluctance of the physician to report tuberculosis as 
the cause of death. The result is that some patients who do not present the character 
istic symptoms and physical signs of tuberculosis during life, especially if the patients 
were not seen until shortly before death and were not examined roentgenographically, 
are incorrectly certified as having died of nontuberculous causes. Medlar (6), from 


his study of necropsy reports, provides some evidence in favor of this opinion, stating 
that: “In the older age groups the tuberculous infection frequently is not recorded either 
as the chief or as a contributing cause of death, even if cavity formation and patho- 
logically active disease are present.”” Among hospitalized mental patients, on the other 
hand, since the presence of pulmonary tuberculosis is known from the routine roent 
genogram, there is probably a tendency to ascribe to tuberculosis, deaths which are 
actually due to other causes. As a result of these opposite tendencies in certification, 
there is probably some understatement of tuberculosis as a cause of death in the 
general population and overstatement of its importance among mental patients 
Additional evidence against a constitutional inferiority as a cause of high tuber- 
culosis death rates is presented in a recent study of the survival of tuberculous mental 
patients (7). This report indicates that, when such factors as age and stage of disease 
are taken into consideration, the survival of mental patients from tuberculosis is 
similar to that of sane tuberculous patients, so that the disease is not more malignant 


for one group than for the other. 

Nor are high death rates among these patients unique for tuberculosis. The high 
morbidity from nontuberculous organic diseases mentioned previously is reflected in 
the high mortality from these concurrent diseases. It is shown in table 8 that death 
rates from many other individual causes, as well as the total death rate, are much 
higher among mental patients. Thus, if the higher mortality from tuberculosis is to 
be explained upon a constitutional basis, this explanation must be extended to 
include other diseases with higher mortality rates among these patients. 


Although insufficient data are available to permit a detailed statistical con- 
sideration of the factors involved in the differences in tuberculosis mortality in 
the two groups, it is evident that here also, as in the case of tuberculosis mor- 
bidity, if factors of epidemiologic importance are considered, the differences be- 


tween the two groups can be explained. 
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TABLE 8 


New York Strate Deatun Rates, Deatu Rates Apsustep To A Mentat Hos- 
Porutation, Mentat Hosprran Deatu Rates, ano Ratio or Mentat Hos- 
Deatu Rares to Apsustep New York Strate Deatu Rares 1948-1949* 


RATIO OF 
NEW YORK STATE RATESt MENTAL 


MENTAL HosprraL “OSPITALS 

matest 50 
CAUSE OF DEATH F YORK STATE 
ADJUSTED 

Adjusted RATES 


1949 1948 1948 1949 1948 


Totalt 26.2 28.1 92 
Syphilis 9.6 13.6 4s] 
Malignant neoplasm 177 428.6 453.: 44 
Diabetes mellitus 20.2) 42. 73.6 126.4 210 
Intracranial lesions of vascular origin 87.2. 7: 271.3 240. 5S: 475 
Diseases of the heart 441.3 422.2 1,260.01,295.7 5,268.8 5,023 
Diseases of arteries 25 23. 88.1 90 370.7 430 
Nephritis and nephrosis 12.; 28.0 119.! 33.0 166... 
Pneumonia, all forms 27.2 35.1 6.0 79.0 314.6 349 
Accidents 52 0 105.4 128.6 120.5 327.: 


* Data from Annual Reports, New York State Department of Health, Office of Vital 
Statistics. 
t Rate of all deaths per 1,000 patients; individual causes, per 100,000. 


Prevalence of Pulmonary Tuberculosis Among Patients Within Mental Hospitals 


The prevalence of tuberculosis among hospitalized patients is considered last 
because the number of cases of tuberculosis among these patients is the result 
of the interaction of many factors, some of which were reviewed above, such as 
the morbidity upon admission and the incidence and mortality within the in- 


stitutions. 

At the time of completion of the initial survey in all hospitals, 4,197 cases of 
clinically significant tuberculosis were found among the patients. By the time 
the second survey was completed four years later, the number had decreased to 
2,943, and the third survey completed four years after the second disclosed 2,102. 
Thus, there was a decrease of one-third in the prevalence rate between each of 
the surveys, while for the total period the decrease was 56 per cent (table 9). 

There is no doubt that the decreasing incidence rate is one of the most impor- 
tant causes of this reduction in prevalence. The evidence for this opinion is 
based upon a weighing of the factors tending to increase the prevalence of tu- 
berculosis against those tending to decrease it. In addition to the obvious direct 
effect of the reduction in incidence in reducing the number of tuberculous pa- 
tients, the indirect evidence includes the following: 


The decrease in total prevalence within the hospitals cannot be ascribed to any 
change in the prevalence on admission, since this does not show a downward trend 
(table 1). It may be mentioned that, although not shown in this table, there has been 
no significant change in the prevalence of tuberculosis on admission since the begin- 
ning of the program in 1941. 
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TABLE 9 
PREVALENCE OF PULMONARY TUBERCULOSIS AMONG PATIENTS IN MENTAL 
HospitaLs IN Eacn or Taree Cuest RoENTGENOGRAPHIC SURVEYS 


SECOND SURVEY THIRD SURVEY 


FIRST SURVEY 


Number of Rate Per Number of Rate Per Number of Rate Per 
Cases Cent Cases Cent Cases Cent 


Clinically Significant* 


Total 4,197 5.7 2,943 2, 2. 
Males 2,364 6.8 1,799 5.0 1,309 3.4 
Females 1,833 4.7 1,144 2.7 793 1.7 


Inactive (Apparently Cured)t 


Total 3,996 5.4 4,658 5.9 4,533 5.4 
Males 1,994 5.7 j 
2,002 


to 

& 

te 


Females 


Total Tuberculosis 


Total 8,193 11.1 7,601 9.7 6,635 7.8 
Males 4,358 12.5 4,105 11.4 3,490 9.0 
Females 3,835 9.9 3,496 8.3 3.145 6.8 


* Clinically significant: Cases of pulmonary tuberculosis classified as active, quiescent, 
apparently arrested, or arrested in the 1940 edition of Diagnostic Standards, published by 
the National Tuberculosis Association, or as active or arrested in the 1950 edition 

t Cases classified as apparently cured in the 1940 edition of Diagnostic Standards or as 
inactive in the 1950 edition are considered not clinically significant 


The rate of discharge of tuberculous patients from the hospitals has probably 
not changed materially during the time period covered by this report. 

As specific measures for the treatment of tuberculosis, such as pneumothorax and 
surgery, have been used only to a minimal extent, and chemotherapy has not yet 
been used sufficiently long and upon a large enough number of patients to materially 
affect the number reaching a state of apparent cure of their disease, specific therapy 
is not considered as an important cause of the decrease in prevalence. 

An increase in the number of patients whose disease reaches a state of inactivity 
(apparently cured in 1940 NTA Diagnostic Standards) would decrease the number of 
patients with clinically significant disease. In this case, however, the fotal amount of 
tuberculosis, the clinically significant plus that of no clinical significance, would remain 
unchanged. As shown in table 9, however, the total amount of tuberculosis has de- 
creased, chiefly because of the reduction in the number of clinically significant cases, 
so that the rate of inactivation of the disease is not a factor. 

Since the admission, discharge, and recovery rates remain essentially unchanged 
during this period, the decrease in tuberculosis death rates since 1943, shown in 
table 6, should tend to increase the prevalence of clinically significant tuberculosis. 
Therefore, the reduction in prevalence is not due to changes in death rates. 


As none of these factors is of significance in affecting the prevalence rate, it is 
concluded that the reduction in incidence is the main cause of the lower preva- 


lence. 
The evidence pointing toward the decrease in incidence as of major impor- 
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tance in the reduction in the number of cases of tuberculosis is considered in 
some detail because the incidence rate is susceptible to change by changing envi- 
ronmental conditions within the hospitals. The early segregation of tuberculous 
patients produces the same results by reducing exposure as are obtained in other 
infectious diseases, i.e., reduction in the rate of development of new cases. The 
decreasing tuberculosis prevalence rate among these patients is therefore ex- 
plainable in the same epidemiologic terms as in other infectious diseases, namely, 
reduction of exposure. 

Because of the impression among psychiatrists that schizophrenic patients 
differ in their reaction to tuberculosis from patients with other types of mental 
disease (8), this subject needs mention in this report, though it will be considered 
in more detail in a later communication. 

Preliminary review of the available data indicates that the prevalence of tu- 
berculosis among schizophrenic patients at the time of admission, and the inci- 
dence, mortality, and prevalence rates during their residence in mental hospi- 
tals, are in general quite similar to those of patients with other mental diseases. 
Where differences in tuberculosis morbidity and mortality exist between schizo- 
phrenic patients and other patients, or between schizophrenic patients and the 
general population of the State, they can be explained largely upon the same 
epidemiologic grounds used in this paper for mental patients as a group. 

Discussion of the effect of sex and race are also omitted because these factors 
have been found not to affect materially the results of this study. 


SUMMARY 


Tuberculosis morbidity and mortality rates are much higher among mental 
patients than in the general population. This is considered by some to be due to 
a constitutional susceptibility of mental patients to tuberculosis, implying that 
the methods ordinarily applicable in the control of tuberculosis may have to be 
intensified to an impracticable degree. 

An attempt has been made to explain the higher rates upon an epidemiologic 
basis, and it is contended that the control measures used for the population as 
a whole are effective for mental patients. 

The higher prevalence of tuberculosis among patients at the time of ad- 
mission to mental hospitals is mainly due to differences in age distribution, 
to the population groups or areas from which they come, and to the pres- 
ence of other coexisting organic disease. 

The higher incidence of tuberculosis among mental patients is primarily 
due to greater exposure and opportunity for infection. 

The higher tuberculosis death rates among mental patients are due to the 
greater prevalence and incidence of the disease, to the higher average age 


of mental patients, to the presence of coexisting disease, and to differences 


in accuracy of certification of tuberculosis as a cause of death. 

The high prevalence of tuberculosis among hospitalized mental patients 
is due to the high rate upon admission and to the high incidence rate within 
the institutions. 
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Thus, the higher prevalence, incidence, and mortality rates can be ex- 
plained by differences in factors of epidemiologic importance between men- 
tal patients and the general population. 

The rapid decrease in morbidity and mortality during the past twelve 
years indicates that the changes are due to improvement in environmental 


factors, chiefly early diagnosis and segregation. 

It is concluded that, since the high morbidity and mortality among mental 
patients can be explained upon an epidemiologic basis, within the concept of 
tuberculosis as an infectious disease, there is no need to consider that these high 
rates result from a greater degree of constitutional lack of resistance which ren- 
ders these patients more susceptible to tuberculosis than normal persons. 


SUMARIO 


La Morbidad y la Mortalidad Tuberculosas entre los Psicépatas Comparados con la 
General 


Los coeficientes de morbilidad y mortalidad tuberculosas son mucho mas altos entre los 
psicépatas que entre la poblacién general. Consideran algunos que eso se debe a una suscepti 
bilidad constitucional de esos enfermos a la tuberculosis, dando a entender que tal vez 
haya que intensificar en forma impracticable los métodos aplicables ordinariamente a la 
lucha antituberculosa. 

Trdtase aqui de explicar a base epidemiolégica esos coeficientes mas altos, arguyéndose 
que las medidas de lucha usadas para la poblacién en conjunto son también eficaces para los 
enfermos psiquidtricos 

La mayor frecuencia de la tuberculosis entre los enfermos a su ingreso en los frenocomios 
se debe principalmente a diferencias en la distribucién por edades, los grupos o zonas de 
poblacién de donde vienen y a la presencia de otra coexistente afeccién orgdnica 

La incidencia mas alta de la tuberculosis entre los psicépatas se debe primordialmente a 
mayores exposicién y ocasiones de infeecién 

Los coeficientes mds altos de mortalidad tuberculosa entre los psicépatas se deben a la 
mayor frecuencia e incidencia de la enfermedad y a diferencias en la exactitud de la mencién 
de tuberculosis como causa de muerte 

La elevada frecuencia de la tuberculosis entre los psieépatas hospitalizados procede de 
la tasa elevada de la enfermedad al ingreso y a la elevada incidencia en las instituciones 

Por lo tanto, cabe explicar los coeficientes mds altos de frecuencia, incidencia y mortali 
dad por las diferencias en factores de importancia epidemiolégica entre los psicépatas y la 
poblacién general. 

La r4pida disminucién de la morbidad y la mortalidad durante los Gltimos doce aos 
indica que los cambios se deben a mejoras en factores del medio ambiente, y principalmente 
al diagnéstico y a la segregacién tempranos 

Visto que cabe explicar las elevadas morbidad y mortalidad tuberculosas entre los psicé 
patas a base epidemiolégica, dentro del concepto de la tuberculosis como enfermedad in 
fecciosa, no hay necesidad de considerar esos coeficientes altos como debidos a una falta 
mayor de resistencia orgdnica que susceptibiliza a esos enfermos més que a las personas 


normales a la tuberculosis. 


RESUME 


Morbidité et mortalité par tuberculose parmi les malades mentaux par rapport a la 
population générale 
Les taux de morbidité et de mortalité par tuberculose sont beaucoup plus élevés parmi 
les malades mentaux que dans la population générale. Certains considérent que ceci est dda 
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existence d'une susceptibilité constitutionnelle du malade mental pour la tuberculose, ce 
qui impliquerait la nécessité d'intensifier A un degré impraticable les méthodes ordinaire- 
ment applicables A la lutte contre la tuberculose 

Les auteurs tentent d’expliquer ces taux élevés sur une base épidémiologique, ils esti 
ment que les mesures utilisées contre la tuberculose pour l’ensemble de la population 
s’appliquent efficacement aux malades mentaux 

La prédominance élevée de la tuberculose reneontrée parmi les malades mentaux au 
moment de l’admission dans les hépitaux psychiatriques, est surtout due aux différences 
de distribution dans les groupes d’Age, groupes de population ou régions dont ils sont issus 
et A la présence d'une d’autre affection organique coexistante 

L’incidence plus élevée de la tuberculose parmi les malades mentaux est principalement 
imputable aux conditions plus favorables A la contamination. 

Les taux de mortalité par tuberculose plus élevés enregistrés parmi les malades mentaux 
hospitalisés sont dQs & une prédominance et A une incidence plus élevées de l'affection et, 
aussi, aux différences dans l’exactitude des certifieats de décds en ce qui concerne la tubercu 
lose 

La prédominance élevée de la tuberculose parmi les malades mentaux est imputable au 
taux élevé de la tuberculose A l'admission et au taux d’incidence élevéa l’intérieur de |'éta- 
blissement 

Ainsi la prédominance, l'incidence et les taux de mortalité plus élevés s’expliquent par 
existence de différences dans les facteurs épidémiologiques entre les malades mentaux et la 
population générale 

La décroissance rapide de la mortalité et de la morbidité dans ces douze derniéres années 


indique que ces changements sont dds A l’améliorations des facteurs concernant le milieu, 


surtout le diagnostic et les mesures d'isolement. 

Etant donné que la morbidité et la mortalité élevées chez les malades mentaux peuvent 
s'expliquer selon une base épidémiologique, et considérant la tuberculose comme une ma- 
ladie infectieuse, il n'y a pas lieu d’attribuer ces taux élevés A un plus haut degré de manque 
de résistance constitutionnelle, qui rendrait ces malades plus sensibles a la tuberculose que 
les individus normaux 
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INTRODUCTION 


Whether therapeutic abortion is indicated in the patient with tuberculosis has 
been the subject of a great many articles. The difficulty in evaluating the end 
results of the various forms of treatment or procedures to which the patient with 
tuberculosis is subjected is well known. The chronicity of the disease, the tend- 
ency to recurrence after apparent arrest, the patient’s resistance, allergy, age, 
and nutrition are but a few of the factors which vary from one person to an- 
other. Even greater difficulty is encountered when the efficacy of different pro- 
cedures is compared in the tuberculous patient, for it is obvious that no two 
patients can be found of similar age, onset, type, and extent of disease who re 
ceived exactly the same treatment. Furthermore, the reaction to either preg 
nancy, delivery, or abortion varies greatly, not only from patient to patient, but 
also in the same person at different times, so that precise statistical deductions 
are not possible. The recent medical and surgical advances in the treatment of 
tuberculosis have greatly altered our concepts concerning the prognosis. The 
present report is concerned with the results following therapeutic and sponta- 
neous abortion in the tuberculous patient with the consideration of the present 
management of this complication of pregnancy. 


MATERIAL 


The present report is based on 100 consecutive abortions in tuberculous pa- 
tients treated at the New York Lying-In Hospital from September, 1932, to 
January, 1952. The type of patients treated is presented in figure 1. 


OBSERVATIONS 
Incidence 


In the period of almost twenty years under consideration, there were 67,232 
obstetrical discharges from the hospital (61,732 full-term and premature de- 
liveries and 5,500 abortions). Of this number, 665 (0.98 per cent) had tuber- 
culosis complicating pregnancy; 565 had full-term or premature deliveries; 66 
(0.098 per cent) had therapeutic abortions; and 34 had spontaneous abortions. 

For the entire period, 10.4 per cent of all patients admitted with tuberculosis 
had therapeutic abortions performed. From 1932 to 1937, this figure was 23 per 
cent, whereas from 1948 through 1951, it had dropped to 3.7 per cent. This 
decrease in the last five-year period, which amounts to one-sixth that of the rate 


in the first five-year period, is even more extensive in present practice. Indeed, 


' From the Department of Obstetrics and Gynecology of the Cornell University College 
and The Woman's Clinie of The New York Hospital. 
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100 ABORTIONS 


88 PULMONARY EXTRA PuL TAC 
THERAPEUTIC 34 SPONTANEOUS 
active 40 INACTiWE SACTIVE INACTIVE 
Fic. 1. Summary of abortions in tuberculous patients at New York Lying-In Hospital 
(1952-1952 


there have been no therapeutic abortions for tuberculosis on the ward service 


during the past three years. 

The policy, in effect since 1945 at The New York Lying-In Hospital, of obtaining 
a routine photoroentgen of the chest in all clinic antepartum patients has re- 
sulted in a threefold increase in the recognized incidence of pulmonary tuber- 
culosis. In the past few years, the incidence has approached 2 per cent of those 
examined. Such an examination should be obtained when the patient is first 
seen, and the present experience suggests that it could be profitably repeated 


during the last trimester of pregnancy (1). 


Therapeutic Abortion 


Indications: At the present time, tuberculosis is rarely an indication for thera- 
peutic abortion at the Lying-In Hospital. A decade or more ago, however, ap- 
proximately 20 per cent of the patients admitted to the hospital with tuber- 
culosis were aborted. During the entire period, 28 per cent of the patients with 
active disease and 9 per cent of those with inactive disease were aborted. An 
attempt to determine from the charts the reason for aborting some patients and 
not others with inactive disease has not been successful. Frequently, the only 
indication that appeared was “tuberculosis”; yet financial, sociologic, or psycho- 
logic reasons may have existed which prompted the doctor to decide on abortion. 
It should be recalled that up to a few years ago, before antimicrobial therapy 
and excisional surgery became available, the prognosis for tuberculosis pre- 
sented many uncertain aspects. It was, and still is, hazardous to predict which 
lesion will break down and which will not, especially in the postpartum period 
when the mother’s energies are directed toward her infant and household and 
away from her own health. 

Mental as well as physical rest is important for proper healing of the tuber- 
culous process, and a breakdown caused by the patient’s fear of pregnancy, 
whether fancied or real, may have influenced the physician to recommend 
therapeutic abortion. Perhaps a few patients did not desire to continue with 
their pregnancy and tuberculosis presented a legal indication for termination. 
circumstances to interfere 


Some phthisiologists did not wish any ‘extraneous’ 
with the cure of their patient and recommended abortion more frequently than 
others. 

Follow-up observations: To evaluate the effect of therapeutic abortion (or full- 
term delivery) on the tuberculous patient, a sufficient period of follow-up should 
be available. Improvement or progression of the disease within three months of 
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abortion or delivery may properly be attributed to the pregnancy or to the 
procedure of termination, although such changes may have occurred before or 
during the pregnancy and may continue their course after it. On the basis of 
experience with inpatients in tuberculosis hospitals who could be carefully 
followed for long periods of time, the writers have chosen a minimum period of 
three months for follow-up, except for patients in whom changes became manifest 
before that time (2). 

It is noteworthy that 32 per cent of the patients who had therapeutic abortions were 
lost to follow-up observation within one week of termination of their pregnancy, and 
an additional 12 per cent were lost within three months. In contrast to these pa- 
tients on whom therapeutic abortion was performed and who were not followed 
for more than three months (44 per cent of the aborted group), only 16 per cent 
of the patients who had full-term or premature deliveries were lost from observa- 
tion within the first three months post partum. Equal efforts were made to keep 
both groups of patients under observation. This is in support of the impression 
of the present writers that some of the patients used “‘tuberculosis”’ as an excuse 
to be aborted and did not permit further treatment of their tuberculosis. One of 
the present writers (G. S.), as a consultant to a tuberculosis hospital, has fre- 
quently seen abortions performed on patients who then signed themselves out 
against advice after several days, only to return within a year with far advanced, 


progressive tuberculosis. 

The results in patients who were aborted because of the presence of tuber- 
culosis during the period from September, 1932, to January, 1952, at the Lying- 
In Hospital are presented in table 1. Although only 37 patients were followed 


longer than three months after abortion, 2 patients became worse within three 
months and are included in the results. 

Patients with active tuberculous lesions: Because of the terminology used in the 
earlier years, it was necessary to classify the disease of the patients as active 
or inactive rather than follow the preferable National Tuberculosis Association 
classification of minimal, moderately advanced, or far advanced. Of the 15 
patients with active tuberculosis, 2 improved. In one, a thoracoplasty was per- 
formed three years after abortion; and, in the second, improvement occurred 
after two years of sanatorium treatment. One patient with active far advanced 
bilateral disease who died ten days after operation had been seriously ill at the 
time the operation was performed. 

TABLE 1 
Resuits in Tuerarevtric Abortion Arrer Turee Monts’ Fottow-Ur 
TYPE OF DISEASE NUMBER IMPROVED UNCHANGED PROGRESSED DIED 
Active 2 
Inactive 0 
Total 3¢ 2 


* Two patients became worse within three months of abortion 
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In 7 patients, the tuberculosis was unchanged following abortion, whereas in 
5 the disease progressed. In 2 patients, progression of the disease continued 
following abortion and was apparent while the patient was still in the hospital. 
One of these patients (1951) had moderately advanced pulmonary tuberculosis 
and continued to run a febrile course following dilatation and curettage. The 
second (1947) had moderately advanced pulmonary tuberculosis with cavity 
formation. An abdominal hysterotomy was done, following which this patient. 
received streptomycin. However, she left the hospital against advice two weeks 
postoperatively, at which time her tuberculosis was steadily progressing. 

The third patient (1936) whose tuberculosis progressed had moderately ad- 
vanced disease with cavity formation and continued to show a spread of her 
disease following dilatation and curettage. Nine months following abortion, her 
disease was still uncontrolled. 

The fourth patient (1937) had far advanced tuberculosis with a cavity. She 
received pneumothorax following a dilatation and curettage at two and one-half 
months’ gestation but continued to show a progression of her disease at follow- 
up examination three years later. 

The fifth patient (1941) had pulmonary tuberculosis of questionable activity 
on admission. A dilatation and curettage was done at two and one-half months’ 
gestation, and follow-up examination six years later showed the patient to have 


bilateral far advanced disease. 
Comment: No definite conclusions are warranted from this small group of 
patients. The improvement which occurred in the 2 patients with active disease 


was noted so long after the abortion (two and three years, respectively) that it 
was probably unrelated to the procedure. Likewise, the patient who died had 
such far advanced disease that the abortion presumably did not influence the 
outcome. In 7 patients, the tuberculosis remained unchanged for the follow-up 
period. In these patients, the abortion neither improved nor worsened their 
tuberculosis. The 5 patients who became worse following abortion showed a 
continued progression of their disease while in the hospital and after discharge. 
Whether this progression would have occurred if abortion were not done cannot 
he determined. 

Inactive patients: Twenty-four patients with inactive tuberculosis were aborted, 
In 21, the disease remained unchanged, in one it progressed, and 2 died following 
operation. The 2 deaths in the patients with inactive disease were not related to 
the abortion. One patient died of carcinoma of the breast two months after 
abortion; and the second, of tuberculous meningitis four years after abortion. 
The patient with inactive disease which reactivated following abortion had had 
apparently arrested disease for six years before a dilatation and curettage was 
done. One vear following operation her tuberculosis reactivated. It is question- 
able whether the abortion had anything to do with the exacerbation of the 
tuberculosis. The great majority of the patients with inactive disease, 21 of 24, 
showed no change in their tuberculosis for long periods after abortion. It ap- 
peared that, in patients with inactive tuberculosis, the performance of a thera- 
peutic abortion did not affeet their condition. 
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Type of procedure: In 3 instances, the cervix was dilated and a packing in- 
serted under morphine and scopolamine analgesia, and the products of concep- 
tion were extruded or removed with a sponge stick several days later. Fifty- 
seven patients had a dilatation and curettage performed under either general 
or local anesthesia. Of the 6 patients who had abdominal hysterotomy, 3 had 
extrapulmonary disease and only one of the 6 had active pulmonary disease. In 
the one patient with active pulmonary tuberculosis, the disease progressed within 
three months of the gynecologic procedure. 

One patient with arrested pulmonary disease, who had had a radical operation 
for carcinoma of the breast one vear before abortion, died of generalized car- 
cinomatosis two months after abdominal hysterotomy. The third patient with 
inactive pulmonary disease had an abdominal hysterotomy and tubal ligation 
and showed no change in her condition. 

Extrapulmonary tuberculosis: The 3 patients with extrapulmonary disease were 
all in an inactive stage when abdominal hysterotomy was performed and are 
mentioned briefly because of their interesting histories. The first patient had a 
pericardectomy for a tuberculoma in 1936. An abdominal hysterotomy and 
tubal ligation was done in 1937 and follow-up for fifteen years revealed that the 
patient is in good condition. The second patient had a nephrectomy for tuber- 
culosis in 1939. Following abdominal hysterotomy and tubal ligation in 1942, she 
has shown no change in her condition. The third patient had kyphoscoliotic 
heart disease as well as arrested Pott’s disease of the spine. The indication for 
the hysterotomy was probably the heart disease. No tubal ligation was per- 
formed, and the patient returned twice in the following twelve months for 
therapeutic abortions. Dilatation and curettage was done on each occasion. 

Although the number of patients who had abdominal hysterotomy is small, 
once again the patients with inactive disease showed no change in their condition 
following the procedure, whereas the one patient with active disease continued 
to progress. One of the present writers (G. 8.) reported on 63 patients who had 
therapeutic abortion at tuberculosis hospitals, twenty of which were performed 
by vaginal or abdominal hysterotomy. Eight of the 20 patients (40 per cent) 
died, whereas only 4 of 43 patients (9 per cent) died in whom dilatation and 
curettage was done (3). 

Comment: The present writers believe, along with others, that interruption of 
pregnancy by abdominal or vaginal hysterotomy after the first trimester in the 
patient with active tuberculosis is not indicated. Continuation of the pregnancy 


plus antimicrobial drugs and excisional surgery, when indicated, offer the pa- 
tient a better chance of recovery. In a number of patients with active pulmonary 
tuberculosis, the disease has been controlled by the use of antimicrobial drugs 


during pregnancy, and improvement has continued after delivery. Further- 
more, 2 patients have been delivered who have had lobectomies for tuberculosis 
performed during gestation. Both patients have improved, and one has been 
delivered a second time (4). 

There may be several reasons why improvement does not follow abdominal 
or vaginal hysterotomy performed in the patient with active disease even though 
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she too receives antimicrobial therapy. First, she cannot be kept under as strict 
surveillance for an additional five or six months (the remainder of the antepartum 
and postpartum care) as is the patient who continues her pregnancy. Not in- 
frequently, the former either interrupts or discontinues her antimicrobial therapy 
with dire results. Second, it has been postulated from animal experimentation 
that estrogen exerts a favorable effect on resistance to tuberculosis. Presumably, 
this effect is produced by retarding the progress of the disease by reducing the 
permeability of the connective tissue and its capillaries. Moreover, it has been 
shown that estradiol dipropionate uniformly retards the tuberculous process at 
the site of inoculation in the skin of inbred rabbits (5-7). To what extent these 
data apply to human tuberculosis is problematical, since the amount of estrogen 
used in the animals far exceeded the physiologic levels in humans. However, the 
sudden decrease in estrogenic hormone resulting from interruption of pregnancy 
at a time when the hormone has reached high levels (in the second trimester of 
pregnancy) may be another factor involved in the poorer results following abor- 
tion. 

A third factor, and one difficult to evaluate, is the psychologic effect produced 
on the patient following abdominal hysterotomy when the fetus is formed. Such 
patients frequently inquire about the sex, size, organ formation, et cetera, and 
exhibit a feeling of guilt which may persist for a long period of time and is not 
conducive to proper mental rest. Some patients become greatly depressed be- 
cause they consider their condition is hopeless and think that for this reason they 
are not being permitted to continue with the pregnancy. This is in marked con- 
trast to the patient with active disease who continues with the pregnancy, gains 
weight, and often expresses the opinion that she is not wasting time being con- 
fined to the hospital for treatment of her tuberculosis since she will leave with a 
baby. 


Spontaneous Abortion 


Thirty-four spontaneous abortions occurred in patients with tuberculosis, an 
incidence of 5 per cent of all pregnant patients with tuberculosis admitted to the 
hospital. As the incidence of spontaneous abortion in nontuberculous patients at 
the Lying-In Hospital during this period was 9 per cent, the notion that tuber- 
culosis is a frequent cause of spontaneous abortion was not supported. Thirty 
spontaneous abortions oecurred in patients with pulmonary tuberculosis, of 
whom only 2 had active disease. One of these patients died of diffuse miliary 
tuberculosis four days post partum after aborting at twenty weeks’ gestation, 
and the second showed no change in her condition three years later. The re- 
maining 26 patients with inactive pulmonary tuberculosis (who had 28 spon- 
taneous abortions) were all unchanged with respect to the disease. (Follow-up 
for longer than three months was possible in 68 per cent of these patients.) 

Four patients with nonpulmonary tuberculosis aborted; 3 with inactive tuber- 
culosis and one with active tuberculous peritonitis and endometritis. The latter 
patient had a spontaneous abortion at eleven weeks’ gestation in 1946. Fourteen 
days following discharge from the hospital she had profuse vaginal bleeding and 
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severe lower abdominal pain, for which she was readmitted to the hospital. A 
dilatation and curettage revealed necrotic decidua and tuberculous endometritis. 
Fight days later an exploratory laparotomy was done, and generalized tuber- 
culous peritonitis and tuberculosis of the omentum (biopsy) was found. A recent 
follow-up observation on the patient reveals she is still alive, but no pelvic ex- 
amination is recorded. 

Completion of the spontaneous abortion by curettage was done in 27 of 34 
instances. With the exception of the patient who aborted at twenty weeks, all 
other abortions occurred within the first trimester. 

In summary: Of 34 spontaneous abortions which occurred in 32 patients with 
tuberculosis, 3 were in patients with active disease, which was fatal in one patient 
and remained unchanged in the other 2. Twenty-nine of the abortions occurred 
in patients with inactive disease which, in every instance, remained unchanged 
following abortion. In the patients with inactive tuberculosis, spontaneous abor- 
tion apparently had no effect on the course of the tuberculosis, either pulmonary 
or extrapulmonary. 


Comparison of Abortions with Full-Term and Premature Deliveries 


Comparison of different procedures in tuberculous patients leaves much to be 
desired. Although the figures for the therapeutic abortion group are presented 
together with those for full-term and premature deliveries, the percentages alone 
do not give the entire answer to the problem. While follow-up observations for 
periods longer than three months were possible in only 56 per cent of the 66 


patients who had therapeutic abortions, 84 per cent of the 565 patients who had 
full-term and premature deliveries were followed from three months to nineteen 
years. The significance of the period of longer observation, which enabled longer 
and more adequate treatment, on the better end results in the latter group has 


been mentioned above. 

The results following full-term and premature deliveries after follow-up longer 
than three months are shown in table 2. 

Active tuberculosis: The 2 patients who died did not have the advantage of 
prenatal care, and both had far advanced active pulmonary tuberculosis. The 
first patient was admitted from another state shortly before delivery, and the 
second was an unregistered patient admitted in active labor who died five 
hours after delivery. Post-mortem examination revealed extensive tuberculous 
pneumonia. 

TABLE 2 
Resvuvtrs iN Premature Detivery Arrer Fottow-Up or 


Turee Montus orn LonGcer 


TYPE OF DISEASE NUMBER IMPROVED UNCHANGED PROGRESSED DIED 


Active 66 37 
Inactive 6 


Total 43 


dD 
380 0 
405 2 
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TABLE 3 


in Active Tuspercutosis Fottowing Tuerarevtic ABORTION 
Comparep wrrn ann Premature DeLivery 


FULL-TERM AND PREMAT( RF 


THERAPEL TiC ABORTION (15 DELIVERY (66 
per cont per cent 
Improved 13 
Unchanged 47 3s 
Progressed 33 3 
Died 7 3 
100 100 


TABLE 4 
Resvuvrs iN INactive Tuserevtosis Fottowinc Tuerareutic 
AND DELIVERY 


THERAPEUTIC ABORTION (24 DELIVERY (495 
per cent per cent 
Improved 0 1.5 
Unchanged SS 06.0 
Progressed 4 2.5 
Died 8 0.0 
100 100.0 


Only 2 patients with active tuberculosis showed a progression of their disease; 
in 37 the disease improved; and in 25 it remained unchanged. In table 3 is pre- 
sented a comparison of results (expressed in per cent) following therapeutic 
abortion and full-term and premature delivery in patients with active tuber- 
culosis. 

Thirteen per cent of the patients on whom therapeutic abortion was performed 
experienced improvement of their tuberculosis after operation, compared to 56 
per cent who improved after full-term or premature delivery. Of significance is 
the fact that 33 per cent of the patients who were aborted had subsequent pro- 
gression of disease, compared to only 3 per cent who experienced progression 
following delivery. 

Another factor, and one which prevailed before the era of chemotherapy, 
which may have been responsible for the better results following full-term 
delivery was that, when abortion was contemplated, active treatment for the 
tuberculosis was frequently delayed until six or eight weeks after termination of 
the pregnancy. In a patient whose disease was active and progressing, such a de- 
lay might have meant the difference between a successful or unsuccessful result. 

Inactive tuberculosis: The results in per cent following therapeutic abortion and 
full-term and premature delivery in patients with inactive tuberculosis are shown 


in table 4. 
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TABLE 5 
Resuvts in Inactive FoLLowinG ABORTION AND DELIVERY 


1 
THERAPEUTIC ABORTION (24) PLUS DELIVERY (395 


RESULTS SPONTANEOUS ABORTION (19 


per cent per cent 


Improved 0.0 1.5 
Unchanged 93.0 96.0 
2.3 2.5 


Progressed 2 
Died 1.7 0.0 


100.0 100.0 


Comparison of the results in the patients with inactive disease reveals no 
significant difference. The 2 patients (8 per cent) who died following therapeutic 
abortion were cited above as deaths not due to the abortion. (One died of car- 
cinoma of the breast, and one died of tuberculous meningitis four years later.) In 
the great majority of patients with inactive disease (88 per cent who had abor- 
tions, and 96 per cent who had deliveries), the tuberculosis remained unchanged. 
Progression of the disease occurred following 4 per cent of the abortions and 2.5 
per cent of the deliveries. 


Results Following Spontaneous and Therapeutic Abortion 


Active disease: No marked difference is apparent if there are added to the 15 
patients with active tuberculosis who had therapeutic abortions (table 1) and 
were followed longer than three months the 3 patients with active tuberculosis 
who had spontaneous abortions with adequate follow-up. (Two patients who had 
spontaneous abortions were unchanged, and one died.) The number of patients 
whose disease improved decreases from 13 to 11 per cent; of those with un- 
changed disease rises from 47 to 50 per cent; of those showing a progression of 
their disease decreases from 33 per cent to 28 per cent; and of those who died 
rises from 7 per cent to 11 per cent. Thus, the total per cent of the patients whose 
disease progressed to death is almost identical for both groups. 

Inactive disease: Addition of 19 patients with inactive tuberculosis who aborted 
spditaneously and were followed longer than three months to the 24 patients 
(table 4) with inactive disease who had therapeutic abortions brings the results 
closer to those following full-term delivery. By the same token, these results are 
not much at variance with those of therapeutic abortion. These data are shown 
in table 5. 

DISCUSSION 

The results following 66 therapeutic and 34 spontaneous abortions in patients 
with tuberculosis treated at the New York Lying-In Hospital from September, 
1932, to January, 1952, have been presented. Until 1947, approximately 20 per 
cent of the patients with tuberculosis admitted to the hospital had therapeutic 
abortions. From 1948 through 1951, this figure decreased to 3.7 per cent and is 
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even lower at the present time. While the marked dimunition in the number of 
therapeutic abortions performed for tuberculosis coincided with the advent of 
antimicrobials and excisional surgery for this disease, other factors undoubtedly 
played an important role. 

From clinical observation it became apparent that the act of aborting a patient 
did not necessarily improve the end result of the tuberculous disease. Statistical 
analysis of this series bears out this fact although, as was mentioned above, it is 
realized that statistics alone may be unreliable. There was no marked difference 
in the results among the patients with inactive disease who were followed for 
periods of three months or longer and who had therapeutic abortions, spontaneous 
abortions, or full-term or premature deliveries. This group of patients with in- 
active lesions comprised 85 per cent of the total. As no deleterious effect resulted 
from permitting these patients to continue their pregnancy, there appears to be 
no valid reason on medical indications alone for aborting a patient with inactive 
tuberculosis. 

Although the number of patients with active tuberculosis is admittedly small, 
15 had therapeutic abortions, 3 had spontaneous abortions, and 66 had full-term 
or premature deliveries. The results, as shown in table 3, reveal a higher per cent 
of patients who died or suffered progression of their disease after therapeutic 
abortion than after full-term and premature delivery. One of the writers (G. 8.) 
has reported a series of patients from a tuberculosis hospital, all of whom had 
far advanced active pulmonary tuberculosis and were admitted to the hospital 
in the first trimester of pregnancy (1). Forty-one had therapeutic abortions, and 
43 went on to full-term delivery. Of the 41 patients who had therapeutic abor- 
tions, 10 per cent died within three months of operation, 20 per cent experienced 
progression and died four months or longer after abortion, 53 per cent had an 
unchanged course, and 17 per cent were improved. Of the 43 patients who had 
full-term deliveries, 7 per cent died within three months, 7 per cent experienced 
progression and died four months or more after delivery, 37 per cent had an 
unchanged course, and 49 per cent were improved. 

Although in the present study, equal efforts were made to keep both groups of 
patients under observation, only 56 per cent of the patients who had therapeutic 
abortion could be followed for three months or longer, whereas 84 per cent of the 
full-term and premature group were followed for this period of time. While it may 
be argued that, if the patients who were aborted permitted themselves to be 
treated for longer periods, their results might have been better, the fact remains 
that a large number do not persist in adequate treatment for their tuberculosis. 
Many express the opinion that the abortion is sufficient treatment and sign 
themselves out of the hospital. Another factor which may have had a bearing on 
the better results following full-term and premature delivery was that there was 
no delay in instituting treatment in these patients. When abortion was con- 
templated, however, active treatment for the tuberculosis was delayed until 
after termination of the pregnancy, sometimes for six to eight weeks. (Most of 
these patients were treated before 1947, when antimicrobial therapy became 


available.) 
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It is the present policy in this clinic to admit all patients with active tuber- 
culosis to the hospital and to treat them as indicated for their tuberculosis. A 
considerable number of patients have now received streptomycin, para-amino- 
salicylic acid (PAS), and isoniazid in various combinations during all stages 
of their gestation, with good results in the control of the tuberculous lesions and 
with no apparent untoward effects on their offspring. This arrest in the progres- 
sion of the tuberculous lesions by the antituberculous drugs will be further reason 
to permit the pregnancy to continue to term, so that the condition “progressive 
pulmonary tuberculosis’’ will seldom be tenable as an indication for therapeutic 
abortion. 

Nevertheless, each patient’s case must be individualized. Recently, at another 
hospital, one of the writers observed a 22-year-old single girl, two months preg- 
nant, who had severe, bilateral, far advanced pulmonary tuberculosis. She had 
been receiving antimicrobial therapy for three years without control of her dis- 
ease, and her physician’s prognosis for her was extremely poor. This was her 
fourth pregnancy in the past four years, during which time she had had one living 
child, one therapeutic abortion, and one spontaneous abortion. Therapeutic abor- 
tion was advised and performed in this patient. 


SUMMARY 


The incidence of therapeutic abortion for pulmonary tuberculosis at The New 
York Lying-In Hospital has shown a marked decrease since 1947 so that, at the 
present time, tuberculosis is rarely an indication for abortion. Both the clinical 


experience and statistical review indicate that abortion does not improve the end 
results in tuberculous patients. Indeed, in some instances it would appear that 
the results are not as good following this procedure as they are after full-term 
delivery. 


SUMARIO 
La Tuberculosis y el Aborto 


La incidencia del aborto terapéutico por tuberculosis pulmonar en el hospital de Materni- 
dad de Nueva York ha revelado una notable disminucién desde 1947, de modo que, actual- 
mente, dicha enfermedad constituye raramente una indicacién de aborto. Tanto las observa- 
ciones clinicas como el estudio estadistico indican que el aborto no mejora los resultados 
terminales en las tuberculosas, y en realidad, en algunos casos parece que los resultados no 
son tan buenos con dicho procedimiento como lo son tras un parto a término. Discdtense los 


various factores que intervienen en esto. 


RESUME 
Tuberculose et avortement 


L’ineidence de l’avortement thérapeutique pour tuberculose pulmonaire au ‘‘New York 
Lying-In Hospital’’ a subi une réduction marquée depuis 1947; 4 présent la tuberculose est 
rarement une indication de l’avortement. Les résultats cliniques de méme que les analyses 
statistiques indiquent que l’avortement n’améliore pas les résultats éloignés de la tubercu- 
lose chez la femme tuberculeuse; en fait, dans quelques cas, il semble que les résultats 
observés a la suite de cette intervention ne sont pas aussi bons qu’aprés un accouchement 
A terme. Les divers facteurs en cause sont analysés. 
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SUTURE LIGATION OF THE LUNG AND PARTIAL THORACOPLASTY 
IN THE TREATMENT OF TUBERCULOSIS! 


A Four-Year Experience 


PAUL T. DeCAMP? ann PAGE W. ACREE 


(Received for publication November 9, 1953) 


INTRODUCTION 


In a previous report, the writers described the initial experiences with a 
technique of partial thoracoplasty and suture ligation of the upper portion of 
the lung in the treatment of pulmonary tuberculosis (1). This experience indi- 
cated that the procedure represented was a safe, nondeforming, single-stage 
operation which effectively controlled disease in a high percentage of selected 
cases of moderately advanced and far advanced tuberculosis of the upper lung. 
Loss of respiratory function was minimal, and the technique was successfully 


applied to bilateral lesions. 

The present study has been made, after a four-year experience, to determine 
the later course of early successful cases, to ascertain more clearly the indications 
and contraindications of the procedure, and to evaluate its place in the general 
program of surgical therapy for pulmonary tuberculosis. 


TECHNIQUE 


The procedure was devised and first applied by Dr. Fernando Paulino of Rio de Janeiro 
(2, 3). The partial thoracoplasty and extensive apicolysis are performed with the patient 
in the lateral decubitus, through a paraseapular incision, according to the technique of 
Carl Semb (4), and consists in the removal of the second rib, the posterior two-thirds of 
the third rib, and the posterior half of the fourth rib. The ribs are divided posteriorly at 
the lateral extremity of the vertebral transverse processes (figure 1). Beginning at or near 
the apex, the lung with the overlying pleura, fascia, and intercostal structures is freed 
from the thoracic wall and mediastinum to well below all palpable pulmonary lesions 
The pneumonolysis is limited below by the hilum of the lung, although the lvsis may be 


carried lower posteriorly if necessary. 

The unique feature of the Paulino procedure consists in grasping the apex of the lung 
firmly with a large eurved clamp and placing, from above downward, three or more con 
centric sutures of No. 10 crochet cotton about the lung and the overlying structures 
These are drawn up to collapse snugly, compress gently, and fix the diseased lung tissue 
The diseased lung is constricted within the ligatures and is not inverted downward by 


them (figure 2). 


Material 


The operation was performed forty-two times in 38 cases, as a unilateral operation in 
34 and as a bilateral procedure in 4. The series included 33 whites and 5 nonwhites; 27 males 
and 11 females. Three-fourths of the group were patients in the Charity Hospital in New 


‘From the Department of Surgery, School of Medicine, Tulane University, and the 


Ochsner Clinic, New Orleans, Louisiana 
? Present address: U.S. Army Hospital, Fort MeClellan, Alabama 
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Fig. 2. Technique of Paulino procedure. Extensive pneumonolysis and suture ligation 
of the upper lung 
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Fic. 3. Age incidence of 38 patients subjected to the Paulino procedure. 


PAULINO PROCEDURE 
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Fic. 4. Extent of disease in 38 patients subjected to the Paulino procedure. 


Orleans. There was a preponderance of cases in the older age groups (figure 3). Fifty-five 
per cent of the patients were more than forty, and 23 per cent were more than fifty years of 
age. The four bilateral operations were performed in patients twenty-eight, thirty-eight, 
fifty-two, and fifty-six years of age. In 79 per cent, the disease was bilateral. Kighty-two 
per cent had far advanced tuberculosis, and 18 per cent had moderately advanced disease 
(figure 4). Although the lesions did not extend below the hilum, in almost every instance 
extensive cavitary disease was present. In 7 cases, active disease was also present in the 
dorsal segment of the lower lobe 

Bacteriology and chemotherapy: Early in the series, preoperative antimicrobial therapy 
was given only for special indications because prophylactic streptomycin therapy for thora 
coplasty was considered unnecessary. The more recently operated patients received strepto 
mycin and other antituberculous drugs. Fourteen received no drug therapy preoperatively, 
8 received less than 30 gm. of streptomycin, 6 received between 30 and 60 gm., and 10 re- 
ceived more than 60 gm. Postoperatively, 3 patients received no streptomycin, 16 received 
less than 15 gm., 15 received bet ween 15 and 30 gm., and in 8 more than 30 gm. were given 

In 28 patients, 11 of whom had received considerable antimicrobial therapy, the sputum 
was positive for tubercle bacilli at the time of the initial operation. In 10 cases, the sputum 
was negative for tubercle bacilli 


OBSERVATIONS 
Complications 


The procedure has proved to be remarkably free of serious complications in 
spite of the fact that it was frequently performed in the presence of active disease 
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TABLE 1 
PosTorERATIVE COMPLICATIONS FoLLowine Lune Suture with ParTIAL THORACOPLASTY 


42 Operations 


extrapleural fluid 
Intrapleural fluid 
Subcutaneous emphysema 
Infection of extrapleural space 

Pulmonary embolism* 
Respiratory failure* 

Horner's syndrome 


* Case fatality 


(table 1). There has been no instance of bronchial fistula, of tuberculous infection 
of the pleural or extrapleural spaces, or of early postoperative activation of pul- 
monary disease. There has been no evidence of the soft cotton sutures cutting 
through the tissues, nor has there been any evidence of pulmonary necrosis. 
There are no post-ligation pathologic studies available to report. Unfortunately, 
permission for autopsy could not be obtained in the 3 fatal cases, and as yet no 
resections have been performed subsequent to the ligation procedure. There must 
be a considerable margin of safety between adequate collapse and dangerous 
interference with pulmonary vascularity. The forty-two operations have been 
performed by ten different operators, seven of whom were members of the resi- 
dent staff. 

Extrapleural fluid accumulated in all cases. It was aspirated if it seemed to 
interfere with respiration. Fluid accumulation was considered excessive if more 
than one aspiration was required. In 2 instances extrapleural fluid became in- 
fected with pyogenic organisms, but the infection responded to open drainage. 
The pleura was torn and intrapleural fluid accumulated in 8 cases. In one case a 
nontuberculous empyema developed, which also responded to simple open 
drainage. It is now believed that, if the pleura is torn, intercostal tube drainage 
should be instituted. One patient (Case 1) developed the only postoperative 
skeletal deformity, as a result of the scapula slipping inside the rib cage. Two 
postoperative and one late death will be discussed below. 


Postoperative Pulmonary Function 


The operation has been followed by a gratifying preservation of respiratory 
function. Preoperative and postoperative pulmonary function studies revealed 
a mean loss of 143 ce. in vital capacity in 13 cases of unilateral operation and a 
mean loss of 6 liters per minute in maximum breathing capacity in 9 cases of 
unilateral operation. All 3 patients who have survived a bilateral operation are 
free of significant clinical respiratory insufficiency. The function studies in 2 of 
these, previously reported (1), confirm the clinical impression. 

The last case of a bilateral operation (Case 38) was a patient operated upon at 
two-week intervals in August, 1953, after prolonged antimicrobial therapy had 
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Fic. 6 


Fia. 7 


Fias. 5,6, and7. Case 38. J. L., a 38-year-old female, with far advanced bilateral cavitary 
ihenintae Roentgenograms obtained prior to surgery, three days following operation 
on the left side, and one month following operation on the right side 


resulted in conversion of the sputum in spite of numerous residual bilateral 
cavities, 

The preoperative and postoperative roentgenographic appearance of the chest 
are presented in figures 5, 6, and 7. Figure 6 demonstrates the early postoperative 
accumulation of extrapleural fluid, which absorbed without aspiration. Figures 
8 and 9 demonstrate the lack of postoperative deformity. 


66 DECAMP AND ACREE 


Fia. 8 Fia 9 
Fics. 8 and 9. Case 38. Photographs six weeks following surgery. 
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Fig. 10. Results three months or longer following Paulino procedure in 37 cases. 


Postoperative Status of Tubercuiosis 

There have been 37 patients (forty operations) who have been followed long 
enough for an evaluation of the results of operation. In 22 (59 per cent), the tuber- 
culosis has been classified as inactive’ for a mean period of twenty-three months; 
in 7 (19 per cent), the lesions have been arrested for a mean period of eleven 
months. Five patients (14 per cent) have active disease, and 3 (8 per cent) are 
dead (figure 10). The only patient with arrested disease with occasionally “pos- 
itive sputum” cultures (Case 9) is clinically well and working twenty months 


* National Tuberculosis Association Classification of 1950 used throughout this report 
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after bilateral operations for extensive cavitary disease. As no other surgical pro- 
cedure could have been used in this case, the result was not a disappointment. 

Of the 5 patients with persisting active disease, one (Case /) is improved. The 
ipsilateral disease in this patient has remained inactive for four years after 
operation. A small contralateral lesion became active two years postoperatively 
and has not been completely controlled because the patient refuses to submit to 
further surgical therapy. Case 19 represents a complete failure of the technique. 
It is the only instance in which the diseased tissues slipped down out of the liga- 
tures, probably at operation. Conservative therapy of this patient has resulted in 
“sputum conversion,” but a small contralateral cavity remains. Case 23 represents 
an error in judgment. This patient had complete destruction of an upper lobe with 
fibrosis, atelectasis, and persistent cavitation. Several months after apparent 
postoperative arrest, active disease under the ligatures became evident and 
contralateral spread of disease occurred. Lobectomy would have been a prefer- 
able procedure in these circumstances. The patients of Cases 29 and 34 both had 
extensive disease with cavities in the dorsal division of the lower lobe in addition 
to upper lobe disease which had failed to respond to intensive chemotherapy and 
bed rest. Resection or a more extensive thoracoplasty were contraindicated be- 
cause of the limitations of the respiratory reserve. The pneumonolysis was 
carried below the hilum posteriorly and the lowest ligatures were placed on a 
bias. This maneuver was apparently successful in controlling 5 other similar cases, 
but the failure in these 2 cases (Cases 29 and 34) indicates the need for caution in 
pushing the indications for this operation so far. 

Sudden death on the fourteenth postoperative day following the second pro- 
cedure in one patient (Case 12) was thought to be due to massive pulmonary 
embolism. Another patient (Case 8) had very extensive bilateral disease and a 
very limited respiratory reserve. He died of respiratory failure on the eigth post- 
operative day. In retrospect, surgical therapy of any type was contraindicated in 
this case. The only late death (Case 10) occurred five months after surgery from 
massive pulmonary hemorrhage. A large, persistent, contralateral paramedias- 
tinal cavity became apparent immediately after surgery, and it was believed that 
the fatal hemorrhage occurred at this point. Thus, one death occurred as a surg- 
ical complication. The other 2 occurred because the cases were not suitable for 
any type of surgical therapy. 

Approximately 80 per cent of the patients have experienced apparent arrest 
or inactivation of their disease following this procedure, and in only one case 
(see Case 23 above) has ipsilateral disease, once apparently controlled, subse- 
quently reactivated. 


DISCUSSION 


The present experience indicates that suture ligation of the lung with partial 
thoracoplasty is a relatively safe, reliable means of assisting in the control of 
properly selected advanced cases of pulmonary tuberculosis of the upper half 
of one or both lungs. It is a single-stage operation and may be used bilaterally. 
It causes minimal deformity and minimal loss of respiratory function. 
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TABLE 2 


Possiste® ALTERNATIVE Procepunxes (ResecTions) IN THE 38 Cases or LuNG 
Surure with PartiaL THoRACoPLasty 


CASES 
Unilateral 
Segmental resection 2 
Lobectomy or segmental resection 4 
Lobectomy 13 
Lobectomy and segmental resection 3 
Bilateral 
Bilateral segmental resection 2 
Bilateral lobectomy or segmental resection 2 


Lobectomy and segmental resection 5 
Bilateral lobectomy 2 
Bilateral lobectomy and segmental resection 1 
No alternative possible 4 


TABLE 3 
InpIcaTIONS FoR LuNG Surure with PartiaAL THoracopLasty IN 38 Cases 


CASES PER CENT 
General indications 13 34 
Special indications 25 66 
Possible bilateral operation 6 
Probable bilateral operation ll 
Marginal respiratory functional reserve 7 
Resection technically difficult or hazardous ‘ 


Evaluation of the relative merits of a given surgical procedure is difficult in 
the face of rapid developments in both the medical and surgical treatment of 
pulmonary tuberculosis. Ia the brief period of experience with the present pro- 
cedure, the chief alternative procedure has changed from a more extensive 
thoracoplasty to pulmonary resection. In retrospect, resection of a lobe or seg- 
ment might have been expected to remove the major foci of disease in 50 per 
cent of the cases in the present study. In the remainder, more extensive pro- 
cedures would have been necessary (table 2). 

The present procedure was chosen because of general indications for surgical 
therapy in 13 cases (34 per cent) and because of special indications for this 
particular operation in 25 cases (66 per cent) (table 3). A high percentage of the 
latter patients had bilateral disease which did, or might, require bilateral surgical 
therapy. Very extensive and hazardous resections would have been required in 
the 4 patients in whom bilateral operations were performed. The presence of a 
marginal respiratory reserve was considered a special indication for the procedure 
because of the relatively safe postoperative course and the minimal loss of 
respiratory function. Cases in which resectional therapy would have been par- 
ticularly difficult or hazardous were considered indications for the present opera- 


tion. 
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The above experience indicates that lung suture with partial thoracoplasty is 
superior to other types of partial thoracoplasty. No significant foreign material 
is introduced, no large empty space is created, and a reliable degree of collapse, 
compression, and fixation of the diseased lung is attained as the ligatures are 
carefully applied under direct vision. The controlled fixation, collapse, and 
compression are more effective than simply collapsing the diseased tissues down 
onto mobile, elastic, and active lung below the level of collapse. 

When disease does not extend below the level of the hilum, the suture procedure 
is preferable to more extensive staged thoracoplasty techniques because: the 
former appears to be equally effective in the control of the disease; it is a single- 
stage operation; deformity and loss of respiratory function are minimal; and it 
may be applied to bilateral disease. 

Resection of the involved tissues is theoretically preferable to collapse therapy 
as the major disease foci are completely removed. The ability of chemotherapy 
to arrest the activity of the disease prior to operation in many instances and the 
employment of careful techniques of lobectomy and segmental resection have 
greatly increased the scope and safety of resectional surgery for pulmonary 
tuberculosis. Under circumstances in which excisional surgery can be performed 
safely and adequately, it is probably the procedure of choice, but, when it 
promises to be hazardous or technically difficult, the Paulino procedure may be 
considered as a safe, effective alternative. 

The persistence of tubercle bacilli in the sputum renders resection of less than 
an entire lobe a relatively hazardous procedure. Pleuritis not only renders surgical 
excision technically difficult, but it makes adequate expansion of the remaining 
lung problematic and may necessitate a concomitant partial thoracoplasty. 
Under these circumstances, the technically simpler and less hazardous Paulino 
procedure may be considered. 

When other procedures are contraindicated, the Paulino procedure may be 
performed to include disease extending down into the superior portion of the 
lower lobe. Good results may be obtained, but the cases must be carefully selected. 
In the presence of extensive bilateral disease, each case must be carefully evalu- 
ated. In essence, the Paulino procedure may be effectively used in selected cases. 


SUMMARY 


A four-year experience with a technique of partial thoracoplasty and suture 
ligation of the lung indicates that it is a safe, reliable method of assisting in the 
control of pulmonary tuberculosis in properly selected cases of involvement of 
the upper half of one or both lungs. It is a single-stage operation in which costal 
resection and skeletal deformity are minimal and respiratory function is well 
preserved. 

The present experience indicates that lung suture with partial thoracoplasty is 
more reliable and less complicated than other forms of partial thoracoplasty. For 
disease which does not extend below the hilum, the procedure has significant 
advantages over more extensive thoracoplasty techniques. Under certain cireum- 
stances it is preferable to excisional surgery and, in a few carefully selected cases, 
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lung suture may be used effectively when all other surgical techniques are con- 
traindicated. 


SUMARIO 


Ligadura-Sutura del Pulmén y Toracoplastia Parcial en el Tratamiento de la 
Tuberculosis: Cuatro Afios de Observacién 


Cuatro afios de observacién de una técnica de toracoplastia parcial y ligadura-sutura del 
pulmén indican que se trata de un método inocuo y seguro para ayudar a dominar la tubercu- 
losis pulmonar en casos debidamente escogidos de invasién de la porcién superior de uno 
o de ambos pulmones. hs una operacién en un tiempo en la que hay un minimo de reseccién 
costal y de deformidad esquelética y se resguarda bien la funcién respiratoria. 

La experiencia de los AA. indica que este procedimiento es mas eficaz y menos complicado 
que otras formas de toracoplastia parcial. Para la enfermedad que no se extiende mds abajo 

: del hilio, el método posee ventajas importantes sobre téenicas més extensas de toracoplasvia. 
In ciertas circunstancias, es preferible a la excisién quirdrgica, y en algunos casos escogidos 
cuidadosamente puede usarse eficazmente cuando estén contraindicadas todas las demas 


téenicas quirdrgicas 


RESUME 


Ligature du poumon par suture et thoracoplastie partielle dans le traitement de la 
tuberculose: Une expérimentation de quatre années 


Quatre années d'expérimentation de la thoracoplastie partielle avec ligature du poumon 
par suture indiquent la valeur et la sécurité de cette méthode, qui permet de juguler la tu- 
berculose pulmonaire dans certains cas sélectionnés avec présence de lésions intéressant 
la moitié supérieure de l'un ou des deux poumons. C'est une opération en un temps dans 
laquelle la résection costale et la déformation du squelette sont réduites au minimum et la 
fonction respiratoire bien conservée 

L’expérience acquise par les auteurs indique que cette méthode est plus sire et moins 
compliquée que les autres proeédés de thoracoplastie partielle. Quand il s’agit de lésions 
qui ne s’étendent pas au-dessous du hile, le procédé présente des avantages appréciables sur 
les thoracoplasties plus extensives. Dans certaines circonstances, elle est préférable a 
l'exérése et, dans quelques cas soigneusement choisis, elle peut se montrer trés efficace quand 


toutes les autres techniques chirurgicales sont contre-indiquées. 
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INTRODUCTION 


The tuberculin test has proved a valuable aid in the diagnosis of tuberculosis, 
in case finding, in determining the epidemiology of this disease, in differentiating 
pulmonary lesions of viral or mycotic etiology from tuberculosis, and in indicating 


a successful vaccination with BCG vaccine. 

With the significant decrease in recent years in the morbidity and mortality 
from tuberculosis in the general population, a significant decrease has occurred, 
especially in the younger age groups, not only in the per cent who react to tuber- 
culin but also in the intensity of the local reaction. Because of this decrease in 
the level of tuberculin hypersensitivity, it is essential to use tuberculin of high 
potency to detect those with a low level of hypersensitivity and to reduce the 
number showing atypical or doubtful reactions. 

It is possible that the use of less potent tuberculin may be adequate for diag- 
nostic clinical purposes. It has been shown by Hetherington, McPhedran, Landis, 
and Opie (1), Wells and Smith (2), Aronson and Aronson (3), and by others that 
significant pulmonary lesions of tuberculosis found on roentgenographic examina- 
tion are usually associated with a high level of tuberculin sensitivity and that 
patients with such lesions usually react definitely to the initial small dose of 
tuberculin. 

A variety of tuberculins have been advocated since the original description of 
the preparations of Old Tuberculin by Koch (4). With but few exceptions, these 
tuberculins have not withstood the test of time, and Old Tuberculin continues to 
have its advocates. The main objections to the use of Old Tuberculin are the 
variations in the potency of different samples and the presence of inert substances, 
such as salts, glycerin, peptone, and some metabolites of the tubercle bacilli. 
Attempts to purify and isolate the active principle of Old Tuberculin were 
originally made by Koch (4), who precipitated the protein fraction from Old 
Tuberculin with alcohol. In more recent years, Seibert and Munday (5) and 
Seibert (6) have isolated the protein fraction responsible for the tuberculin 
reaction. They found that the potency of tuberculin was related to the tuberculo- 
protein of the bacillus. 

The potency of tuberculin cannot be determined by chemical or serologic 
methods. The specific biologic activity of tuberculin for diagnostic purposes is 
best measured by its local cutaneous effect on tuberculous guinea pigs rather 

‘ From Henry Phipps Institute, University of Pennsylvania; and the Bureau of Tuber 
culosis Control, Commonwealth of Pennsylvania, Harrisburg, Pennsylvania. 
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than by the induction of tuberculin shock on such animals as shown by Eagle- 
ton and Baxter (7), Aronson (8), Calmette and DePotter (9), and Okell and 
Parish (10). 

With the introduction of BCG vaccine as an immunizing agent against tuber- 
culosis, the use of tuberculin assumed another important role. For want of a 
better measure, the tuberculin reaction has been used as an index of a successful 
vaccination on the basis of the conversion of a negative pre-vaccinal tuberculin 


reaction to positive. Furthermore, the immunogenic property of different samples 
of BCG vaccine can be evaluated on the basis of the percent of vaccinated persons 
who develop a post-vaccinal tuberculin reaction. 

At the present time, Old Tuberculin (OT) and purified tuberculin are used 


widely. 

Old Tuberculin is prepared, with but slight modification, in the same manner as 
originally prescribed by Koch (4). One or more strains of tubercle bacilli are 
grown for six to nine weeks on glycerol veal or beef infusion broth. The cul- 
tures are first sterilized by flowing steam, the bacillary bodies are removed by 
filtration, and the filtrate is then concentrated on a water bath to one-tenth of 
its original volume. This concentrated material is then filtered through bacterial- 
proof filters and constitutes Old Tuberculin. 

The procedures used by different investigators to obtain purified tuberculin 
vary in some details, resulting in corresponding differences in degree of purity, 
sensitivity, and potency of different preparations of purified tuberculin. The 
modes of preparation of the different purified tuberculins are reviewed. 


The original purified protein derivative (PPD) was prepared according to Seibert 
(6) by growing cultures of tubercle bacilli on Bureau of Animal Industry (BAI) 
synthetic culture medium. When these cultures had reached their maximum growth, 
they were sterilized by a three-hour exposure to flowing steam. The bacillary bodies 
were removed by filtration, and the filtrate was concentrated on a water bath to one 
fifth of its original volume. The concentrated filtrate was diluted with 0.5 per cent 
phenol and then concentrated by ultrafiltration through an alumdum shell impreg- 
nated with 13 per cent gun cotton dissolved in acetic acid. The concentrated residue 
was filtered through a bacterial-proof filter and the protein fraction was precipitated 
by the addition of a sufficient amount of 50 per cent trithloracetic acid to give a final 
concentration of 10 per cent trichloracetic acid. The precipitated protein was col- 
lected, washed with 10 per cent trichloracetic acid, dried in vacuo, washed repeatedly 
with ether, and dried. The dried powder constituted the original purified protein 
derivative (PPD). This original PPD was utilized in studies until 1941, when it was 
no longer available 

The purified tuberculin, designated as renset tuberkulin (RT) or purified tuberculin 
(PT), prepared at the State Serum Institute, Copenhagen, Denmark, differs in some 
respects from that recommended by Seibert (6). According to Jensen and associates 
(11) and Lind (12), the cultures were grown on Sauton medium and sterilized by 
flowing steam. The cultures were then filtered through a bacterial-proof filter and 
the filtrate was concentrated by ultrafiltration through 7 per cent collodion mem- 
branes. The purified protein was precipitated with 2 per cent trichloracetic acid and 
the precipitate washed with ether and dried. This purified tuberculin has been used 
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extensively in various parts of the world by the members of the International Tuber- 
culosis Campaign, an organization consisting of UNICEF and some Scandinavian 


voluntary groups. 

The Weybridge PPD was prepared at the Veterinary Laboratory of the Ministry 
of Agriculture and Fisheries, Weybridge, Surrey, England. The details of the method 
of preparation have been described by Green (13). The preparation of the Weybridge 
PPD differs from the original method of Seibert (6) in that the culture filtrate is not 
concentrated by ultrafiltration and the protein is precipitated by the addition of 50 
per cent trichloracetic acid to give a final concentration of 4 per cent to the uncon 
centrated culture filtrate. The precipitate is washed repeatedly with trichloracetic 
acid, followed by washing with acetone and ether. The purified tuberculin is then 


dried and the powder dissolved as required. 

When studies by physicochemical methods indicated that the trichloracetic acid 
purified protein derivative contained a significant per cent of nucleic acid and carbo 
hydrates, Seibert and Glenn (14) modified the original procedure by growing the 
culture on Long’s synthetic medium, eliminating the preliminary concentration of 
the filtrate by heat and, instead, concentrating the filtrate in the cold by ultrafiltra- 
tion. The protein was isolated from this concentrated filtrate by repeated precipitation 
with neutralized saturated solution of ammonium sulfate. The precipitate was then 
washed free of ammonium sulfate, filtered through a bacterial-proof filter, and pre- 
served by freeze-drying. The tuberculin obtained by this method was designated as 
Standard Purified Protein Derivative, or PPD-S. This preparation proved to be twice as 
potent as the original trichloracetic acid derivative. Unlike the original PPD, Seibert 
and Glenn (14) found that PPD-S was antigenic, as evidenced by the production 
of precipitins in rabbits injected repeatedly with this preparation and by its ability 


to induce an Arthus phenomenon in these animals, although repeated injections of 
ten times the regular second dose used in the skin test in man did not lead to significant 


sensitization in guinea pigs. 


The variety of tuberculins and the different techniques which have been reeom- 
mended have given rise to some confusion. In order to evaluate the different 


tuberculins now in use and to determine the relative sensitivity of the intra- 
cutaneous and patch tests, the present writers have carried out a series of com- 
parative tests with the different tuberculins among both nonvacecinated and 


BCG-vaccinated persons. 


PLAN OF INVESTIGATION 


Procedure 


The relative value of the different tuberculins was determined by conducting simultane 
ous tests, using the recommended dose for each preparation. The different samples of tuber- 
culin were diluted immediately preceding the test with either physiologic saline buffered 
with phosphate to give pH 7.2 or, in the case of tablets, with the diluent supplied with the 
tablets. All of the diluted samples of tuberculin were used within ten to twelve hours after 
preparation. The glassware used in diluting the tuberculins and all syringes with but few 
exceptions were new and were marked conspicuously with different colored tape for each 


preparation. Occasionally, when it became necessary to use the same syringes for different 


samples, the syringes were washed well, soaked for two to three days in sulfurie acid 
bichromate cleaning fluid, and washed free of acid before they were used 
The various tuberculins were injected intracutaneously in a total quantity of 0.1 ml. by 
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means of a 1.0 ml. tuberculin syringe and a 26-gauge platinum needle. The two tuberculins 
which were compared were injected simultaneously as superficially as possible in the skin 
of the upper third of the volar surface of the forearms. The results were read forty-eight 
hours later by the same personnel and were graded according to the extent of edema as out- 
lined by Aronson (15). In order to minimize any bias in the interpretation of the different 
tuberculins, they were coded by letter and the injections of the different tuberculins were 
changed from one forearm to the other from time to time. 


Interpretation of Tuberculin Reaction 


It is difficult to measure with any degree of accuracy the exact limits of a reaction to 
tuberculin. The central area of induration, which is usually well defined, merges into a less 
well-defined area of edema which in turn gradually blends into the surrounding reddened 
skin. The character of the tuberculin reaction depends, not only upon the intensity of ex- 
posure to tubercle bacilli, but also upon the level of hypersensitivity of the person and the 
nature of the cutaneous and subcutaneous tissue. In infants the local reaction to tuberculin 
is usually characterized by a sharply defined dense area of induration surrounded by a 
localized area of firm edema. On the other hand, among the aged—and especially among 
those whose skin is thin and parchment-like—not only is the level of hypersensitivity low, 
but the local reaction is characterized by a diffuse, deep red blush which persists for days, 
associated with but slight or no palpable edema. Among those with abundant loose, soft, 
subcutaneous tissue, the local reaction is usually characterized by a diffuse, ill-defined area 
of edema, difficult to palpate. In a relatively small per cent of patients with well-developed 
muscles in the forearm, the writers have observed a dense, sharply localized, elevated area 
of induration with no significant zone of edema. Occasionally, a sharply defined vesicle, 4 to 
6 mm. in diameter, containing clear, pale yellowish fluid with no surrounding inflammatory 
area has been observed. Severe reactions to tuberculin may be associated with a vesicle of 
varying size filled with clear yellowish fluid and extensive edema, by a definite central area 
of necrosis in the center of the indurated area, or by lymphangitis extending upward on 
the anterior or internal margin of the arm. Severe local reactions may be associated with 
indefinite symptoms of a general reaction characterized by slight fever, headache, and 
muscular pains. 

The criterion used for a positive tuberculin reaction has been a local inflammatory reac- 
tion associated with an area of palpable induration or edema measuring 5 mm. or more in 
diameter. The writers have been impressed, however, by the frequent appearance of redness 
with slight or no palpable edema following the injection of the different tuberculins in those 
who have previously received BCG vaccine. This reaction, it is believed, is specific, since 
these persons originally failed to react to the same or larger dose of tuberculin just before 
or at the time they received BCG vaccine. They also failed to show any evidence of local 
hypersensitivity (Koch phenomenon) following BCG vaccination. The intensity of this 
type of reaction is not significantly increased by increasing the dose of tuberculin. 

Because of the high level of hypersensitivity which may be encountered among the 
general population, and especially in those areas with a high morbidity and mortality from 
tuberculosis, it is advisable to use a small initial dose of the different tuberculins. This is 
especially true for those persons who have extrapulmonary tuberculosis or primary lesions 
of pulmonary tuberculosis. On the other hand, hypersensitivity is usually low in those 
suffering from miliary tuberculosis, from far advanced tuberculosis, following BCG vaccina- 
tion, and from certain intercurrent exanthemata. 

To obviate as much as possible the severe reactions to tuberculin, an initial dose of 
0.01 mg. of OT and either 0.00001 or 0.00002 mg. of the purified forms of tuberculin has 
been used throughout the studies among the general population. 

Because of the difference in the level of tuberculin hypersensitivity and the character 
of the local reaction to tuberculin among those who have undergone a natural infection 
with virulent tubercle bacilli, compared with those who have developed hypersensitivity 
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following the administration of BCG vaccine, this study has been divided into two parts. 
The first deals with the comparison of different tuberculins among unvaccinated persons; 
and the second, with a comparison of different tuberculins among those who had previously 
received BCG vaccine. The members of both groups consist of persons who, with but few 
exceptions, were inmates of correctional or mental institutions. 


OBSERVATIONS 
Comparative Potency of Different Samples of Old Tuberculin 


That different samples of OT may vary in their potency is well recognized. 
Aronson (8), who determined the relative potency of 10 different samples of 
OT by intracutaneous titration on tuberculous guinea pigs and tuberculous 
goats, found that these samples varied widely. In recent years, the present writers 
have compared several samples of OT from a manufacturer who has supplied them 
with OT over the past twenty-five years with a sample of OT from a second 
manufacturer. The results of these comparative tests made on unvaccinated 
adults are presented in table 1. 

It will be noted from table 1 that not only are there differences in the potency 
of sample “A” as compared with sample 530, prepared by a different manu- 
facturer, but there are also significant differences in samples 284 and 547 and 
samples 284 and 550, all of which were prepared by the same manufacturer. 
On the other hand, samples 416 and 550 of OT, also prepared by the same 
manufacturer, are of comparable potency. These variations are reflected, not 
only by differences in the per cent who react, but also by differences in the 
intensity of the local reactions. 

The relative stability of OT is indicated by the fact that sample 284, prepared 
approximately twenty-five vears ago and stored at room temperature during this 
time, continues to show a high level of potency. 


TABLE 1 


Comparison oF DirreERENT SAMPLES oF Tupercunin ON PERSONS 


POSITIVE TO NUMBER AND DEGREE 
0.01 we. OT OF REACTION 
NUMBER 


LES oT 
ampies or OT 


+ 


Number Per Cent 


Lot 131 
Lot 101 
Lot 28 ; 163 
Lot : 204 
Lot 133 
Lot ! 157 
Lot 416 - 170 
Lot 550 ; 177 
Untreated Lot 530 j 43 
Freeze-dried Lot 530 35 
Lot “‘A”’ 37 
Freeze-dried Lot 530 36 


ese 
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83.4 82 38 2 7 
4.3 63 10 1 12 
70.9 115 23 6 
SS .7 110 3 18 
| 93 34 27 
95.7 49 08 9 fi 
84.2 2 15 
87.6 So 86 1 12 ‘ 
76.8 18 22 1 1 
62.5 1 20 4 0 3 
61.7 26 3 0 8 
60.0 20 ~ 0 5 


76 ARONSON, TAYLOR, AND MCGETTIGAN 


The practicability of the freeze-drying process as a method of distribution and 
preservation of smal! amounts of OT was investigated. Varying dilutions of sam- 
ple 530 OT were freeze-dried by the manufacturer and were regenerated with 
sterile distilled water just prior to being used. The potency of the freeze-dried 
OT was compared in the same persons with the untreated sample 530 OT as well 
as with sample “A” OT. The results of this study, presented in table 1, show 
that freeze-drying OT results in a loss of potency, as indicated not only by the 
smaller per cent who react to the freeze-dried sample but also in the smaller 
number of 3-plus reactions. Further proof of the effect of freeze-drying on OT is 
indicated by the fact that, while the untreated sample 530 OT is significantly 
more potent than sample “A’’, nevertheless, after freeze-drying, its potency is 
comparable to that of the weaker sample “A” OT. 

The decrease in the potency of OT following freeze-drying was unexpected, 
especially in view of the drastic treatment of preparing OT by concentrating the 
culture filtrate by heat. One possible explanation is that the decrease in potency 
might be due to the loss of small amounts of the tuberculin during freeze-drying. 
This explanation is suggested by the studies of Stein and Rogers (16), who found 
that viable bacilli and viruses are carried over to the condenser during freeze- 
drying of bacterial cultures and samples of viruses. The present writers have 
repeated these studies with cultures of S. marcescens and have recovered large 
numbers of this organism from the previously sterilized manifold and condenser. 
In addition, samples of phosphate buffer solution containing P®™ as a tracer were 
freeze-dried. By means of a Geiger-Muller tube and sealer, the transfer of P™ was 
followed from the vials of buffer solution through the manifold into the condenser. 


Comparative Potency of Preparations of Purified Protein Tuberculins 


The purified protein tuberculin preparations now available represent fractions 
prepared by precipitating tuberculoprotein with either trichloracetic acid or 
ammonium sulfate. 

The designation PPD has unfortunately been used interchangeably for both 
the trichloracetic acid and the ammonium sulfate purified protein derivative. 
It is, therefore, difficult to determine from the literature, in some cases, which 
preparation of tuberculoprotein has been used. Since the ammonium sulfate 
preparation PPD-S was not on the market until 1942, it is fair to assume that 
studies antedating that year deal with the trichloracetic acid preparation. 

As the original sample of PPD prepared and supplied by Seibert (6) was no 
longer available at the time of the present study, it was not possible to compare 
the relative potency of this sample of PPD with that of PPD-S, also prepared 
by Seibert and Glenn (14). Such a comparison had been conducted, however, by 
Aronson and Parr (17) in 1940 on a group of 870 Indian children of school age 
who had not received BCG vaccine. The children were injected intracutaneously 
with 0.00002 mg. of PPD and with 0.00001 mg. of PPD-S. 

The results observed at that time, which are presented in table 2, indicate a 
close agreement both in the per cent who reacted to both tuberculins and in the 
degree of reaction. When those who failed to react to the initial test were retested 
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with 0.005 mg. of PPD and 0.0025 mg. of PPD-S, 7.6 and 13.0 per cent reacted 
to PPD and PPD-S, respectively. During the course of this study, it was noted 
that, in general, the local reaction to PPD-S was diffuse, ill-defined, and more 
difficult to interpret than the local reaction following the injection of either OT 
or PPD. These studies were extended to include two samples of trichloracetic 
acid purified tuberculin. One, RT or PT Lot XXII, was prepared at the State 
Serum Institute, Copenhagen, and kindly supplied by Dr. K. Tolderlund; while 
the other, Weybridge PPD, was prepared at the Veterinary Laboratory, Wey- 
bridge, Surrey, England, and kindly supplied by Mr. A.B. Paterson. These two 
samples of purified tuberculin were compared with a sample of PPD-S supplied 
by Dr. Carroll E. Palmer, U. 8. Publie Health Service. The comparative tests 
were carried out simultaneously in mental institutions on groups of adult patients, 
none of whom had previously received BCG vaccine. An initial dose of 0.00002 mg. 
was used for the three different preparations of purified tuberculin. The results of 
these comparative tests, all of which were made and interpreted by the same 
personnel, are summarized in table 2. 

The data presented in table 2 indicate that in the 1940 study the original prep- 
arations of PPD and PPD-S, both of which were obtained from Dr. Seibert, were 
comparable in potency. The observations made during the present study indicate, 
that, while the per cent of reactors to RT or PT XXII of the State Serum Insti- 
tute, Copenhagen, was approximately the same as to the PPD-S of the U. 38. 
Public Health Service, the number of well-marked reactions was greater with 
the PPD-S. 

The sample of Weybridge PPD appeared somewhat more potent than the 
sample of PPD-S on the basis of the greater number of 3-plus reactions. The 
samples of PPD-S obtained from the U.S. Public Health Service and the PPD-S 
obtained from Dr. Seibert showed no significant differences in potency. These 


TABLE 2 
CoMPARISON OF DirrEeRENT PuRIFIED TUBERCULINS ON UNVACCINATED PERSONS 


POSITIVE DEGREE OF REACTION 
DOSE OF NUMBER 
SAMPLES OF PURIFIED TUBERCULIN TU BERCULIN 
reESTED " 
MG.) Num Per Doubt 
1+ 24 i+ 4+ ful 


ber Cent 


PPD Phipps 0.00002 870 44 53.3 11 152 301 O 9 
PPD-S Phipps 0.00001 870 468 53.8 14° 171 283 O 9 
PPD-S U.S.P.H. 0.00002 316 24 80.4 36 166 49 3 41 
RT Lot XXII... 1 TU* 316 237 | 75.0 92 129 16 0. 52 
PPD-S U.S.P.H... 0.00002 140 6.0 8 16 0 B 
Weybridge PPD... 0.00002 140 92 65.7 4 3 O 14 
PPD-S U.S.P.H. 0.00002 222 147 | 66.2 15 9 39 3° 39 
PPD-S Phipps. . 0.00002 222 143 | 64.4 29 81, 31 2) @ 
PPD-S Phipps 0.00002 208 130 | 62.5 21 85) 21 3) 2 
PPD-S Tablets “B”’ 0.00002 208 113 
PPD-S Phipps 0.00002 180 127,706 18) 1 24 
PPD-S Tablets “C”’ 0.00002 180 73 40.623 43 7 4 


* One TU equals 0.000013 mg. of purified tuberculin. 
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results indicate that different preparations of purified tuberculin, like OT, may 
vary in their potency. 

Because the potency of diluted tuberculin decreases after several days, it is 
necessary to prepare fresh dilutions as required. Since this is often inconvenient, 
time-consuming, and wasteful, Reichel and Clark (18) described a method of 
preparing sterile tablets with the desired amount of PPD-S incorporated in 
Beta-lactose. These tablets are supplied with sufficient diluent to give the 
desired dose. The potency of first-dose tablets, in which 0.1 ml. of the dissolved 
tablet is equivalent to 0.00002 mg. of PPD-S, was compared in a group of adults 
with a sample of the standard PPD-S. The results of comparative tests, which are 
presented in table 2, indicate that the tablets of PPD-S prepared by companies 
“B” and “C”’ differed in potency from that of the standard PPD-S. The PPD-S 
tablets prepared by company “B” gave 8.2 per cent fewer reactions and fewer 
strong 3-plus reactions than those obtained with standard PPD-S. The tab- 
lets prepared by company “C” showed 30 per cent fewer reactions, fewer 2- 
and 3-plus reactions, and a higher number of doubtful reactions than were ob- 
served following the injection of the standard PPD-S. 


Comparison of OT and Purified Tuberculin 


There are but few published data comparing the sensitivity of different purified 
tubere'tlins with that of OT, either among the unvaccinated population or 
following BCG vaccination. 

Long, Aronson, and Seibert (19) found that the incidence of reactions in man to 
0.00002 mg. of PPD was comparable to that obtained with 0.01 mg. of OT (a 
commercial sample) both in the per cent of those who reacted and in the intensity 
of the reaction. On the basis of these observations, a dose of 0.00002 mg. of PPD 
was recommended as the initial dose. With the larger doses, however, a higher 
per cent reacted to 0.005 mg. of PPD than to 1.0 mg. of OT. 

Plunkett and Siegal (20) found that, of 1,747 persons tested with OT and PPD, 
44.5 and 18.0 per cent reacted to 0.00002 mg. of PPD and 0.004 mg. of OT, re- 
spectively. When those who failed to react were retested with 0.0005 mg. of 
PPD and 0.1 mg. of OT, 56.9 and 54.2 per cent reacted to the PPD and OT, 
respectively. When doses of 0.005 mg. of PPD and 1.0 mg. of OT were used, 
61.2 and 604 per cent reacted to PPD and OT, respectively. The cumulative 
results for the three tests were 61.2 and 60.4 per cent for the PPD and OT, re- 
spectively. Savage (21) tested 437 Negroes between the ages of twelveand twenty- 
four years with two different samples of OT, PPD, and the patch test. He noted 
a marked variation in the reaction of the group to the different tuberculins. With 
OT, 42.8 and 41.9 per cent reacted to 0.01 mg. of OT, samples “A” and “B”, 
respectively, while 20.2 per cent reacted to 0.00002 mg. of PPD. To the second 
dose of 1.0 mg. of OT and 0.005 mg. of PPD, 17.2 and 5.7 per cent reacted to 
samples “A” and “B” of OT, respectively, while 26.4 per cent reacted to the 
PPD. 

In 1940, Aronson and Parr (17) found that, of 404 Indian children of school 
age tested simultaneously with 0.01 mg. of OT and 0.00002 mg. of PPD, 42.1 and 
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TABLE 3 


COMPARISON OF OLD TUBERCULIN AND Purtrrep TUBERCULINS IN UNVACCINATED PERSONS 


POSITIVE DEGREE OF REACTION 
NUMBER 
DESIGNATION OF TUBERCULIN rUBERCULIN 
s 
MG Num- Per . Doubt 
1+ 24 | 44 


ber Cent ful 


OT 416 0.01 170 «42.1 58 lll O 0 
PPD Phipps 0.00002 404 169 41.8 2 0 0 
OT 416 0.01 495 419 84.6 2 137 280 (0 5 
PPD-S Phipps 0.00001 195 19 84.6 6 109 304 0 3 
OT 530 0.01 177 130 | 78.5| 6| 6 
PPD-S Phipps . 0.00001 177 110 62.1 44 58 7/1 12 
OT 550 0.01 243 1838 | 75.3| 7| @ 
PPD-S Phipps 0.00002 243 167 68.7 
OT 550 0.01 S17 531 | 65.0 | 32 | 200 | 207 2: 22 
RT Lot XXII 1 TU* 817 457 | 56.0 73 263 121'0) 55 
OT 550 0.01 802 569 | 71.0 | 23 207 2447 2) @ 
Weybridge PPD 0.00002 S02 507 63.2 73 200 133 2 
“ar 0.01 56 32 | 57.1 | 9 2/1 
PPD-S Phipps 0.00001 56 37 | 66.1; 22 51 5 
OT 550 0.01 556 397 | 71.4 16 169 29 3 23 
PPD-S Tablet ““B”’ 0.00002 556 321 | 57.7 40 215 42 
OT 550 0.01 493 315 | 63.9 | 21 | 118 | 2) 2 
PPD-S Tablet “C”’ 0.00002 493 195 | 39.6| 44 123 28 0| 
OF “A” 0.01 59 38 | 3.0 8 
PPD-S Tablet “B” 0.00002 59 38 | 64.4 7.0 6 


* One TU equals 0.000013 mg. of purified tuberculin. 


41.8 per cent reacted to OT and PPD, respectively. Of another 495 Indian 
children tested simultaneously with 0.01 mg. of OT and 0.00001 mg. of PPD-S, 
84.6 per cent reacted to both tuberculins. 

Recently these studies were extended to include additional samples of OT and 
different preparations of purified tuberculin, both the standard solution from 
Dr. Seibert and tablets. These studies have been conducted on adult inmates 
of correctional or mental institutions, and the injections and interpretations 
were made by the same personne]. The results of the earlier studies and the 
present studies are presented in table 3. 

The data presented in table 3 indicate that OT 416, PPD, and PPD-S are 
comparable in potency on the basis of the per cent who reacted to the initial 
dose and the intensity of the reactions. A higher potency of OT samples 530 and 
550 over the samples of purified tuberculin is indicated by the somewhat higher 
per cent of reactors and the larger number of reactions in which the area of edema 
exceeded 20 mm. in diameter (3-plus). When OT 550 is compared with the three 
different purified tuberculins, it will be noted that 6.6, 9.0, and 7.8 per cent more 
reacted to OT 550 than to PPD-S, RT, or PT Lot XXII or Weybridge PPD, 
respectively. On the other hand, the lower potency of OT sample “A” was con- 
firmed by the fact that 9.0 per cent more of the persons tested reacted to PPD- 
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S than to OT sample “A”, and the degree of reaction was less marked with OT 
“A” than with PPD-s. 

It was previously indicated in table 2 that the tablets of PPD-S, and particu- 
larly PPD-S tablets sample “C”’, were less potent than the non-tablet form of the 


standard PPD-S. These observations are confirmed by the data presented in 
table 3. Of the 556 persons tested simultaneously with 0.00002 mg. of PPD-S 
tablets, sample “B”’, and with 0.01 mg. of OT 550, 13.7 per cent more reacted 
to the OT than to the PPD-S tablets. Of the 493 persons tested with both 0.00002 
mg. of PPD-S tablets sample “C” and 0.01 mg. of OT 550, 24.3 per cent more 
reacted to the OT than to sample “C”’ tablets. The OT gave a significantly larger 
number of 3-plus reactions than did the sample “C” tablets. The low potency 
of OT sample “A” is further indicated by the fact that its potency was com- 
parable to PPD-S tablet “B”, a preparation less potent than OT 550 or the 
standard PPD-S. 


Comparison of the Intracutaneous and Patch Tests 


To simplify the tuberculin test, Vollmer and Goldberger (22) recommended 
the application of Old Tuberculin to the cleansed unbroken skin by means of a 
patch of absorbent material impregnated with concentrated Old Tuberculin. 
These investigators found this method somewhat more sensitive than the 
Pirquet test. When the patch test was compared with the intracutaneous test 
using PPD, they found (23) that, of 169 tuberculous children tested, only one 
child who subsequently reacted to 0.005 mg. of PPD failed to react to the patch 
test. Krug and Glenn (24) found that, of 2,152 college students tested with both 
the intracutaneous test and the patch testi, 22.1 per cent reacted to 0.00002 and 
0.005 mg. of PPD-S, and 20.2 per cent reacted to the patch test. 

The present writers have compared the relative sensitivity of the patch test 
and the intracutaneous method on a group of unvaccinated adults. The patch 
test was carried out by cleansing the skin between the scapulae with carbon 
tetrachloride, permitting the skin to dry, and applying the patch as firmly as 
possible to the cleansed skin. The patch was removed after forty-eight hours, 
and the reaction was read forty-eight hours after the removal of the patch. 

Of 88 adults tested simultaneously with the patch test and the intracutaneous 
injection of PPD-S, 50.3 per cent reacted to the patch test and 65.2 per cent to 
the intracutaneous injection of 0.00001 mg. of PPD-S. 

To further evaluate the relative merits of the two procedures, the manufac- 
turers kindly made available a sample of the OT used in preparing the patch 
test. Of 84 persons tested simultaneously with the patch test and the intra- 
cutaneous injection of 0.01 mg. of the sample of OT used in preparing the patch 
test, 48.9 per cent reacted to the patch test and 63.0 per cent to the intracutane- 
ous test 

Savage (21), who compared the patch test with the intracutaneous test, found 
that, while 39.8 per cent of 437 persons reacted to the patch test, a total of 60.0 
and 46.5 per cent reacted to the intracutaneous test with 0.01 and 1.0 mg. of 
samples of OT which he designated as “A” and “B” and a total of 47.6 per cent 
reacted to 0.00002 and 0.005 mg. of PPD. 
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Relative Sensitivity of Tuberculins in BCG-Vaccinated Persons 


The studies reported thus far have dealt with comparisons of different tuber- 
culins on unvaccinated persons. Of the definite reactions among this population, 
a high per cent were in response to the initial small dose of either OT or purified 
tuberculin, indicating a high level of hypersensitivity. Groups with such high 
levels of hypersensitivity, resulting from repeated natural infection with virulent 
tubercle bacilli, are not as favorable for determining differences in the potency 
of tuberculins as groups with a lower level of sensitivity. 

The parenteral administration of BCG vaccine in tuberculin-negative persons 
results in a low level of tuberculin sensitivity | Because of this, it is important that 
highly potent OT or purified tuberculin having a high specificity and sensitivity 
be used both in the selection of persons for BCG vaccination and for the post- 
vaccinal tuberculin test. 

Aronson and MeGettigan (25) found that 1.6 per cent of 2,655 persons who 
were negative to 0.01 and 0.1 mg. of OT showed a definite local, acute, painful, 
specific inflammation (Koch phenomenon) at the site of BCG vaccination. In 
5.9 per cent, a less severe local inflammatory reaction was noted, while 92.5 per 
cent who were tuberculin-negative showed only a small sharply defined painless 
nodule at the site of BCG vaccination. On the other hand, of 193 persons who 
were negative to 0.01 mg. of OT but positive to 0.1 mg. of OT, 63.8 per cent 
showed a well-marked Koch phenomenon associated with pain; and 18.1 per 
cent, a somewhat less severe inflammatory reaction at the site of the BCG 
vaccination. 

A further evaluation of the different samples of both OT and purified tuber- 
culins was made on persons who had received BCG vaccine and who subse- 
quently developed a low level of tuberculin sensitivity. The routine procedure 
which was followed in the use of BCG vaccine was to administer an initial 
intracutaneous injection of 0.01 mg. of OT. If after forty-eight hours there was 
a definite reaction to the OT, no further injections were made. If, on the other 
hand, the reaction was doubtful or if the area of edema measured less than 10 
mm. in diameter, a second dose of 0.1 mg. of OT was administered. If after 
forty-eight hours the second test was negative or doubtful, BCG vaccine was 
then administered. 

If the reaction to 0.01 mg. of OT was definitely negative, however, the person 
was then reinjected with 0.1 mg. of OT in the skin of the opposite arm and at the 
same time was injected intracutaneously, as superficially as possible, with 0.1 
mg. of BCG vaccine into the skin overlying the deltoid region. The local re- 
action to both the second dose of 0.1 mg. of OT and to the BCG vaccine was 
observed forty-eight hours later in order to establish whether or not hypersensi- 
tivity to OT or to the BCG vaccine was present. 

The potency of the different Old Tuberculins was determined by the simul- 
taneous intracutaneous injections of paired tuberculins in different forearms of 


persons who had received BCG vaccine from two months to four years previously. 


The results of these comparative tests are summarized in table 4. 
The relatively low percentage of positive reactions and the large number of 
doubtful or atypical reactions to 0.01 mg. of OT is indicative of the low level of 
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TABLE 4 
COMPARISON OF Dirrerent Sampies or OLp Tusercuuin on BCG-VaccinaTep PERSONS 


NUM- POSITIVE DEGREE OF REACTION 
VACCINAL BER 
N Per Doubt- 
Cent ful 


SAMPLES OF OT 


me 
Lot 254 1-3 years 0.01 158 
Lot 547 0.01 134 
Lot 284 1-3 years 0.01 34. 
Lot 550 0.01 
Untreated Lot 530 2-3 months 0.1 ; : 
Freeze-dried Lot 530 0.1 2.3 { 74 


hypersensitivity induced by BCG vaccine. The differences in the potency of 
OT 284 and 547 and 284 and 550 are brought out more strikingly in the BCG- 
vaccinated persons than among the general population (table 1). 

It will be noted that, of those tested with an initial dose of 0.1 mg. of untreated 
OT 530, only a small number of the vaccinated persons failed to react. On the 
other hand, of those tested with the freeze-dried sample of the same tuberculin, 
not only was the incidence of positive reactors smaller, but there were fewer 
definite reactions and a large number of doubtful or atypical reactions. 

Because of the lower level of tuberculin hypersensitivity which follows BCG 
vaccination, 0.1 mg. of OT was used routinely as the initial post-vaccinal dose. 
The dose was not increased to 1.0 mg. in those who failed to react to 0.1 mg. of 
OT, since some of the reactions to the larger dose of OT may be nonspecific in 
nature. 

As the level of tuberculin hypersensitivity following BCG vaccination decreases 
with increasing time, the observations on the comparative value of the different 
tuberculins were divided into a group which was tuberculin-tested two to five 
months after vaccination and a second group which was tested six months to 
four years after vaccination. The results of the different paired tests are presented 
in table 5 according to the dose of tuberculin and the degree of reaction. 

From the data presented in table 5, it is evident that, among those vaccinated 
two to three months previously with different lots of BCG vaccine, a significantly 
higher per cent reacted to 0.1 mg. of OT 550 than to 0.0001 mg. of PPD-S or 
PPD-S tablets. Not only was the per cent of reactors to OT higher, but the 
number who showed a 2-plus or 3-plus reaction was higher and the number of 
doubtful or atypical reactions was smaller. On the other hand, the per cent of 
reactors and the degree of reaction were approximately the same with RT or PT 
XXII of the State Serum Institute, Copenhagen, or with Weybridge PPD as with 
OT. A comparison of RT or PT XXII and Weybridge PPD with PPD-S indi- 
cates that the incidence of reactors was higher and the intensity of the tuberculin 
reaction was more marked with RT or PT XXII and with the Weybridge PPD 
than with PPD-S. 

The low level of hypersensitivity following BCG vaccination is indicated by 
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TABLE 5 


Comparison or Various Tupercutins on BCG-Vaccinatep 


POSITIVE DEGREE OF REACTION 
POST VACCINAL DOSE OF NUMBER 


OF INTERVAL TUBERCULIN TESTED 


Num Per Doubt 


. 44 
ber Cent 


me 
OT 550. . 23months 0.1 
PPD 0.0001 
OT 550 2-3months 0.1 
RT Lot XXII 10 TU* 
OT 550 2-3 months 0.1 
PPD-S Tablet “B”’ 0.0001 
OT 550 2-3 months 0.1 
PPD-S Tablet 0.0001 
OT 562 ; 5months 0.1 
Weybridge PPD 0.0002 
PPD-S 2-3 months 0.0001 
RT Lot XXII 10 TU* 
PPD-S 2-3 months 0.0001 
PPD-S Tablet “B”’ 0.0001 
PPD-S 5months 0.0001 
Weybridge PPD 0.0002 
OT 550 4 years 0.01 
PPD-S 0.00002 
OT 550 4 years 0.01 
PPD-S Tablet 0.00002 
OT 550 1-4 years 0.01 
PPD-S Tablet “C”’ 0.00002 
OT 550 1-4 years 0.1 
PPD-S 0.0001 
OT 550... 1-4 years 0.1 
PPD-S Tablet “B”’ 0.0001 
OT 550 1-4 years 0.1 
PPD-S Tablet “C”’ 0.0001 
OT 550 6-36 months 0.1 76 
RT Lot XXII 10 TU* 76 
OT 550 6-36 months 0.1 214 
Weybridge PPD 0.0002 214 


* One TU equals 0.000013 mg. of purified tuberculin. 


the fact that, of the definite reactions, only a small per cent followed the initial 
dose of 0.01 mg. of OT or 0.00002 mg. of PPD. In contradistinction, among those 
who appeared to have undergone a natural infection, a large per cent of the 
definite reactions occurred following the small dose of tuberculin. The greater 
potency of OT 550 as compared with PPD-S and PPD-S tablets was further 
indicated by the significantly higher per cent who reacted to 0.01 mg. of OT than 
to 0.00002 mg. of PPD-S or PPD-S tablets. 

Significant as were the differences in the incidence of reactors to OT 550 and 
PPD-S among the recently vaccinated persons, the differences were even more 
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) 354 90.8 27 22 & 1 32 
) 253 464.9 52 179 22 0 sO 
295 93.1 18 198 77 2 19 
297 «93.7 18 191 85 3 17 
4 396 «696.1 26 266104 0 14 
208 «49.3 87 111 5 135 
234 82.7 19 18 30 0. 45 
69 24.4 36 31 20 So 
39 | 97.5 1) 32) 60 1 
! 40 100.0 0 40 00 0 
68 530; @ 
69 87 2 48 9 
27 | 42 3 0| 
13. 4 7, 20 26 
33 | 6 10 15 
9 ll | 43) 1) 1 4 
57 | 28 9 41 70 100 
33 «16 1 21 20) 65 
42 32 34 30) 62 
15 5 10 00 32 
39 «38 5 | 34 0.0) 37 
9 | 4 4 1090 15 
77 | 76.2, 12 6 22 
35 | 344.7, 13 | 21; 1:0) 44 
79 80.6 9 61 90 17 
17 17.3) 9 00 34 
47 | 85.5) 5 | 32 10:0 7 
19 34.5 4 15 OO 17 
68 89.5 4 530 140 8 
49 64.5 4/41 4.0) 22 
164 | 76.65 3 125 33 3 46 
113 | 52.8 7 9 12,0 
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marked among those vaccinated from one to four years previously who were 
tested with OT 550 and the different purified tuberculins. It will be noted that 
76.2 to 85.5 per cent reacted to 0.1 mg. of OT 550, while 17.3 to 34.7 per cent 
reacted either to PPD-S or PPD-S tablets. Among those tested six to thirty- 
six months after vaccination with 0.1 mg. of OT 550 and 10 T. U. of RT or 
PT XXII or Weybridge PPD, the degree of reaction was again more marked 
with the OT than with the other two preparations of purified tuberculin. 

Differences in the potency of OT and purified tuberculin in BCG-vaccinated 
persons have also been observed by Dr. A. W. Dahlstrom of the Bureau of 
Indian Affairs, U. 8. Department of the Interior (26). He found that, of 483 
Indian children vaccinated with several different lots of BCG vaccine prepared 
by the Henry Phipps Institute, Philadelphia, Pennsylvania, who were tuber- 
culin-tested approximately two months later with 0.0001 mg. of RT or PT 
XVIII and 0.1 mg. of OT 416, 41.8 and 81.8 per cent reacted to RT or PT and 
OT, respectively. 


Comparison of Tuberculin-Patch and Intracutaneous Tests in 
BCG-Vaccinated Persons 


There is a paucity of published data dealing with the comparative sensitivity 
of the tuberculin patch test and the intracutaneous test following BCG vaccina- 
tion. To determine the relative sensitivity of the two procedures, 123 males, 
ranging in age from fifteen to twenty years, were tested by the simultaneous 
application of the patch test to the cleansed skin in the interseapular region and 


the intracutaneous injection of 0.1 mg. of OT 550 into the skin of the volar surface 
of the forearm. This group had received the same lot of BCG vaccine two months 
previously. Of the 123 persons tested, 118 (95.9 per cent) reacted to the intra- 
cutaneous test and 63 (51.2 per cent) reacted to the patch test, which was inter- 
preted after both forty-eight and ninety-six hours. 

In the experience of the present writers, the patch test, in adults, has not been 
as sensitive as the intracutaneous test. On the other hand, of a group of 2,401 
infants vaccinated intracutaneously twenty-four to forty-eight hours after birth 
and tested with the patch test two months to two years after vaccination, 2,362 
(98.4 per cent) gave a definite reaction to this test. It was observed that the level 
of tuberculin hypersensitivity in BCG-vaecinated persons, as indicated by the 
intensity of the reaction following either the patch test or the intracutaneous 
test, is significantly higher among infants than among BCG-vaccinated adults 
who have received the same preparation of BCG vaccine. 


Specificity of the Tuberculin Reaction 


The specificity of the tuberculin reaction has been generally accepted, and it has 
been assumed that the metabolic products of either acid-fast saprophytes or nonacid- 
fast bacilli are innocuous to tuberculous animals. The studies of B. and E. Lange (27), 
among others, showed that the metabolic products of some acid-fast saprophytes are 
capable of inducing a tuberculin reaction in man and in tuberculous animals. Cabasso 
(28) prepared a tuberculin from a nonpathogenic acid-fast organism isolated from a 
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fly. This tuberculin induced a reaction in tuberculous guinea pigs comparable to that 
induced by tuberculin from mammalian types of tubercle bacilli. Hauduroy (29) has 
compiled a list of various acid-fast saprophytes, many of which produce metabolic 
products which elicit a tuberculin reaction in man and in tuberculous animals. 
Since the reaction to crude tuberculin preparations may in part be nonspecific, 
the advent of purified tuberculin prepared from cultures grown on synthetic medium 
eliminated some of the factors responsible for nonspecific reactions. McCarter, Getz, 
and Stiehm (30) compared samples of PPD prepared from avian tubercle bacilli and 
from M. smegmatis with PPD from human-type tubercle bacilli. Of 739 students 
tested with human and avian PPD, 22.3 per cent more reacted to the avian PPD 
than to the human PPD; while, of 464 students tested with human and smegmatis 
PPD, 14 per cent more reacted to the smegmatis PPD than to human PPD. 
Aronson, Saylor, and Parr (31) found that the incidence of reactions to purified 
tuberculin prepared by Henderson (32) from various acid-fast organisms varied in 
different parts of the United States. Thus, a larger per cent of Indians living in Arizona 
reacted to 0.00002 mg. of PPD prepared from M. phlei, M. thamnopheos, or M. 
smegmatis than did Indians living in South Dakota. These investigators also found 
that, among natives of Southeastern Alaska who had not been in contact with cattle 
or hogs and who used only powdered milk, of 103 children tested with 0.00002 mg. of 
purified protein from Br. abortis, 63 (61.1 per cent) reacted; while, of 38 children 
injected with 0.0002 mg. of the purified Br. abortus protein, 31 (81.6 per cent) reacted. 
The highest per cent of reactors and the most marked reactions occurred among those 


with a high level of tuberculin hypersensitivity. 

Green (13) investigated the specificity of PPD prepared from human, bovine, 
and avian types of tubercle bacilli, from BCG, M. phlei, and Johne’s bacillus. He 
found that guinea pigs sensitized with a specific organism showed a higher sensitivity 
to the specific PPD than to PPD prepared from the other acid-fast bacilli. Cross- 
reactions were observed when the dose of the nonspecific PPD was increased. Samples 
of PPD prepared from the human, bovine, or BCG strains of tubercle bacilli were 


comparable in their specificity. 

While man and tuberculous animals may react to the metabolic products of acid- 
fast saprophytes and nonacid-fast bacilli, Crawford (33) has shown that animals 
infected with different acid-fast saprophytes react to Old Tuberculin prepared from 


mammalian or avian types of tubercle bacilli. 


To evaluate further the specificity of PPD, the present writers have conducted 
comparative tests with OT and avian PPD, OT and balnei PPD on BCG-vac- 
cinated persons, and OT and balnei PPD on a group of unvaccinated adults. 
Both preparations of PPD were kindly supplied by Mr. A. B. Paterson of Dr. 
H. H. Green's laboratory at Weybridge, England. The balnei PPD was prepared 
from an acid-fast organism isolated by Norden and Linell (34) from chronic ulcers 
of the skin of persons swimming in a pool in Sweden. This organism they have 


designated as M. balnei. 

The results of the comparative tests on both BCG-vaccinated and unvac- 
cinated persons are presented in table 6. 

It will be noted from table 6 that the incidence of positive reactions to 0.1 
mg. of OT 550 and to 0.0002 mg of Weybridge Avian PPD two to three months 
following BCG vaccination is approximately the same for both preparations. Of 
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TABLE 6 


Comparison or Tupercutin Wirn Purtriep Protein Derivative From 
M. Avium M. Batner 


POSITIVE DEGREE OF REACTION 
INTERVAL poss | | 
me 
OT 550 2-3 months 0.1 184 180) «(97.8 4 135 41 O 4 
Weybridge Avian 0.0002 IS 176 95.7 M7 9 
PPD 
OT 550 1-4 years 0.01 123 59, 48.0' 5, 6 
Weybridge Balnei 0.00002 123 11.4) 0) 42 
PPD 
OT 550 2-3 months 0.1 48 32/13) 1 2 
Weybridge Balnei 0.0001 48 34 «(70.8 23; 13 
PPD 
OT 550 Unvaecinated 0.01 105 9 4.3 2; 5 40/2 6 
population 
Weybridge Balnei 0.00002 105 81 2; Il 
PPD 


those tested with 0.01 mg. of OT and 0.00002 mg. of the balnei PPD one to four 
years after vaccination, the incidence of reactions is smaller with balnei PPD 
and the degree of reaction is weaker than that following OT. Furthermore, a 
large number of doubtful or atypical reactions were observed with both OT and 
PPD. When the dose of OT 550 and balnei PPD was increased to 0.1 and 0.0001 
mg., respectively, among those vaccinated two to three months previously, the 
per cent of those who reacted both to OT and balnei PPD rose sharply and the 
number of 2- and 3-plus reactions increased. 

The balnei PPD and OT 550 were compared on a group of unvaccinated per- 
sons. It was found that, with 0.01 mg. of OT and 0.00002 of PPD, fewer persons 
reacted to the balnei PPD and the degree of reaction was weaker than with 
the OT. 


SUMMARY 


The relative sensitivity of different samples of Old Tubereulin (OT) and 
different preparations of purified tuberculins was compared by the simultaneous 
intracutaneous injection of paired tuberculins in unvaccinated and in BCG- 
vaccinated persons. 

The potency of different samples of OT, as determined on both vaccinated 
and unvaccinated persons, was found to differ. The differences were most marked 
among those vaccinated with BCG vaccine one to four years previously. 

The activity of OT was found to be decreased after freeze-drying. 

Different preparations of purified tuberculins, except PPD-S tablets, showed 
no significant differences in potency when tested on highly sensitized persons. 

Among unvaccinated persons with a high level of tuberculin hypersensitivity, 
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the incidence of positive reactions to the usual first dose of the different purified 
tuberculins was approximately the same. 

Among BCG-vaccinated persons tested two to five months after vaccination 
with an intermediate dose of OT and dosages of PPD-S up to 0.0001 mg. in 
strength, a significantly higher per cent reacted to the Old Tuberculin than to 
the PPD-S, while with a Danish preparation of PPD labeled RT or PT XXII 
or with the English preparation labeled Weybridge PPD, the results were com- 
parable to those with OT. 

Differences in the incidence of reaction to OT 550 and the different prepara- 
tions of purified tuberculins were most marked among those who had received 
BCG vaccine one to four years previously. 

PPD-S tablets gave a significantly lower per cent of reactions, in both unvac- 
cinated and BCG-vaccinated persons, than did PPD-S solution or OT 550. 

Among BCG-vaccinated persons, a comparable per cent reacted to both PPD 
from M. avium and to OT 550, while a smaller per cent reacted to PPD from the 
acid-fast M. balnet organism. 

Among the unvaccinated population, a somewhat smaller per cent reacted to 
PPD from M. balnei than to OT 550. 

The patch test gave a significantly lower per cent of reactions in both the un- 
vaccinated and BCG-vaccinated persons than did the intracutaneous injection 
of two different samples of OT or PPD-S. 


SUMARIO 


Comparacién de Algunas Tuberculinas en Sujetos Vacunados y no Vacunados con BCG por 
medio de la simultdnea inyeccién intracuténea de tuberculinas apareadas en personas 
vacunadas y no vacunadas con BCG, se comparé la relativa sensibilidad a distintas mezclas 
de Tuberculina Antiqua (TA) y de diversas preparaciones de tuberculinas purificadas 


Observése que variaba la potencia de distintas muestras de TA, al ser determinada tanto 
en personas vacunadas como no vacunadas. Las diferencias fueron mds notables entre las 
vacunadas con BCG de uno a cuatro afios antes. 

Observése que la actividad de la TA disminufa después de la congelacién-desecacién. 

Diversas preparaciones de tuberculinas purificadas, con excepcién de las tabletas de 
PPD-S, no revelaron mayores diferencias en potencia al ser comprobadas en personas muy 
sensibilizadas. 

Entre las personas no vacunadas con un alto tenor de hipersensibilidad a la tuberculina, 
fué aproximadamente idéntica la incidencia de reacciones positivas a la habitual primera 
dosis de las distintas tuberculinas purificadas. 

Entre los sujetos vacunados con BCG, comprobados de dos a cinco meses después de la 
vacunacion con una dosis intermedia de TA y dosis de PPD-S hasta de 0.0001 mg., un por- 
centaje significativamente mas alto reaccioné a la TA que al PPD-S, mientras que con una 
preparacién danesa de PPD rotulada RT o PT XXII o con la preparacién inglesa rotulada 
“Weybridge PPD”’, los resultados fueron comparables a los obtenidos con TA. 

Las diferencias en la incidencia de reacciones a TA 550 y a las distintas preparaciones de 
tuberculinas purificadas fueron més notables entre los que habian recibido vacuna BCG de 
uno a cuatro afios antes. 

Las tabletas de PPD-S produjeron un porcentaje significativamente més bajo de 
reacciones que la solucién de PPD-S o que la TA 550 tanto entre los no vacunados como 
en los vacunados con BCG. 

Entre los vacunados con BCG, un porcentaje comparable reaccioné tanto al PPD obte- 
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nido del M. avium como a la TA 550, en tanto que un por ciento menor reaccioné al PPD 
obtenido del microbio dcidorresistente M. balnei 

Entre la poblacién no vacunada, un porcentaje algo menor reaccioné al PPD obtenido 
del M. balnei que a la TA 550. 

La prueba del parche arrojé un porcentaje significativamente menor de reacciones que 
la inyeecién intracutanea de dos muestras distintas de TA o de PPD-S tanto en los no vacu- 
nados como en los vacunados con BCG. 


RESUME 


Etude comparative de quelques tuberculines chez des sujets vaccinés ou non vaccinés 
a la tuberculine 


L’activité relative de différents échantillons de vieille tuberculine (OT) et de différentes 
préparations de tuberculines purifiées fut comparée par l’injection intradermique de tu- 
berculines appariées chez des sujets vaccinés ou non par le BCG. 

Une différence d’activité entre les différents spécimens de vieille tuberculine a été cons 
tatée chez les sujets vaccinés et chez les non vaccinés. Cette différence était la plus accen 
tuée parmi ceux ayant été vaecinés par le BCG un a quatre ans auparavent 

L'activité de la vieille tuberculine a été trouvée réduite aprés dessiccation par congéla 
tion 

Les différentes préparations de tuberculines purifiées, sauf les comprimés PP?D-S, ne 
présentaient pas de différence d’activité significative quand elles étaient testées chez des 
sujets trés allergiques 

Parmi les sujets non vaccinés ayant un haut degré de sensibilité A la tuberculine, linei 
dence des réactions positives A la dose initiale usuelle des diverses tuberculines purifiées 
était sensiblement la méme 

Parmi les sujets vaccinés par le BCG qui furent testés deux ou cing mois aprés vaccina 
tion avee une dose moyenne de tuberculine et des doses de PPD-S allant jusqu’a 0,0001 mg., 


le pourcentage de réactions obtenues avee la vieille tuberculine a été notablement plus 
élevé qu'avee la tuberculine PPD-S; toutefois, avec la préparation danoise de PPD-S dé- 
nommée RT ou PT XXII ou avee la préparation anglaise dénommée “Weybridge PPD” 
les résultats étaient comparables A ceux obtenus avec la vieille tuberculine 


Les écarts dans |l'incidence de la réaction A OT 550 et aux différentes préparations de 
tuberculines purifiées étaient les plus marquées dans le groupe des sujets ayant recu le 
vacein BCG un A quatre ans auparavant 

Le taux des réactions avec les comprimés PPD-S était significativement plus bas qu'avee 
le PPD-S en solution ou avee OT 550 a la fois chez les sujets vaccinés par le BCG ou les non 
paccinés 

Parmi les sujets vaecinés par le BCG, le taux des réactions A la tuberculine PPD de WV. 
avium et & OT 550 était comparable, tandis que le pourcentage de ceux qui réagissaient 
au PPD dérivé du VM. balneit acido-résistant était plus faible 

Parmi la population non vaccinée, le taux des réactions au PPD de M. balnes était un peu 
plus faible que celui des réactions 4 OT 550 

L'épidermo-réaction donnait un taux de réactions positives plus faible chez les sujets 
vaeccinés par le BCG ou les non vaccinés que l'injection intradermique de deux échantillons 
différents de OT ou de PPD-S 
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INTRODUCTION 


It has been established that, in patients with tuberculosis who are treated with 
isoniazid and who continue to discharge tubercle bacilli, evidence may be ob- 
tained of the emergence of drug resistance in some of the bacilli isolated (1-6). 
All wild-type strains of tubercle bacilli, although predominately susceptible to 
isoniazid, contain relatively large numbers of drug-resistant mutants. During 
therapy a change in bacterial population in the patient is detectable as a shift 
toward a higher proportion of the more resistant bacterial cells. There is little 
doubt that when isoniazid is employed as the sole therapy this shift within the 
bacterial population oecurs rapidly and is of considerable magnitude. 

Nearly all of the observations of this process thus far reported have been 
carried out by one of two methods. These methods involve either direct culture 
of specimens or inoculation of a subculture into a series of tubes of solid culture 
medium containing graded concentrations of isoniazid. After appropriate incuba- 
tion an estimate of the growth in each concentration of drug is made and com- 
pared with that of the control tube. 

Whereas these methods are satisfactory for routine use, they are at best only 


semiquantitative. Variations in numbers of bacilli in specimens cultured directly 
make serial observations difficult, and when the numbers are low the readings 
often fail to reveal significant proportions of resistant cells. Moreover, comparison 


of the relative numbers in two tubes when the numbers of bacilli are high is 
unreliable. An additional source of error is the tendency for colonies on egg media 
to increase in size as the inoculum becomes smaller. 

More careful quantitative observations on the emergence of resistance to 
isoniazid seemed to be important for two reasons conceivably quite divergent 
in their implications concerning the usefulness of the drug. On the one hand, the 
most obvious effect of the emergence of high degrees of drug resistance would 
be expected to be a loss of drug effect. On the other hand, there is considerable 
evidence that tubercle bacilli which are highly resistant to isoniazid have diminu- 
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tion or even virtual loss of pathogenicity for guinea pigs, a property hitherto 
considered virtually synonymous with pathogenicity for humans (7-12). Were 
these highly resistant strains to prove of diminished virulence for humans, it 
would obviously be desirable to attempt to achieve in patients a state of high 
resistance. 

Accordingly, it seemed of considerable interest to determine more accurately 
the quantitative aspects of the emergence of isoniazid resistance in an attempt 
to learn whether a high degree of resistance occurs with regularity in patients 
under treatment. The present report summarizes the quantitative data obtained 
in cultures from a small group of patients with pulmonary tuberculosis treated 
with isoniazid as the sole therapeutic agent. 


MATERIALS AND METHODS 


Specimens of sputum or gastric aspirate were treated with sodium hydroxide, neutralized 
and centrifuged for concentration. Portions of the concentrate were then inoculated onto 
Petragnani’s medium and onto oleic-acid-albumin solid medium containing 25 units of 
penicillin per ml. Subculture from primary isolation thus accomplished was made into liquid 
Tween” -albumin medium and the strains were carried in this medium ‘thereafter. Care was 
taken to obtain a large inoculum for the initial subculture. In instances in which growth on 
solid medium was not heavy, the entire growth was inoculated into the liquid medium to 
ensure a representative sample 

Enumeration of the bacilli resistant to various concentrations of isoniazid was made by 
a technique essentially the same as that described by Fenner, Martin, and Pieree (13). Ap 
propriate dilutions of a seven-day growth in liquid medium were first made. Three measured 
replicate drops of 0.02 ml. each of each dilution were placed on the surface of solid oleic 
acid-albumin medium containing the following concentrations of isoniazid in micrograms 
per milliliter: 0.1, 1.0, and 10.0. Similar inoculation was made onto a control plate containing 
no isoniazid, These were then incubated and colony counts were made at two and at three 
weeks. (Further incubation up to eight weeks was shown not to yield further growth 
From these counts calculation was made of the total bacterial population and of the pro 
portion of cells in each culture resistant to each concentration of isoniazid 

In parallel with the above counts, drug-susceptibility tests were performed in liquid 
medium. These consisted simply of twofold serial dilution tests carried out in both Tween" 
albumin and oleic-acid- albumin liquid media. End points were read as the lowest concen- 
tration of isoniazid which inhibited growth for two weeks 


The cultures studied were chosen from strains of tubercle bacilli isolated from 
sputum or gastric aspirate in a group of 47 patients. Those chosen included all 


patients in the group from whom strains had been isolated prior to treatment and 


on at least two occasions at intervals of a month or longer subsequent to initia- 
tion of therapy. These criteria would thus be expected to include those patients 
with the poorest response to therapy and with the maximum opportunity for 
development of bacillary resistance. 


RESULTS ‘ 


The observations are most conveniently presented in graphic form and are 
shown in figures | through 11. In each graph the ordinate indicates the percent- 
age of the total population resistant to the specified concentration of isoniazid, 
three concentrations being plotted on each graph, 0.1, 1.0, and 10.0 y per ml. 
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The abscissa in each graph represents the duration of therapy. Along the abscissa 
is also represented the in vitro susceptibility of each strain as measured in liquid 
medium. Parallel tests were carried out in Tween*-albumin (TA) and in oleic- 
acid-albumin (OA) liquid media. The results of both tests are indicated along 
the bottom of each graph. 

Examination of these graphs reveals several points of interest. In all patients 
studied the cultures obtained subsequent to initiation of therapy showed an 
increase in the number of resistant cells. In general, those cells resistant to 0.1 4 
of isoniazid per ml. showed a rapid rise in numbers. With two exceptions (Cases 


Fries. 1 through IL. kach graph illustrates the isoniazid-resistant mutants in a series of 
cultures obtained from one patient prior to and during therapy with isoniazid. Each culture 
was examined for mutants resistant to 0.1, 1.0, and 10.0 4 of isoniazid per ml. and the results 
were plotted as the percentage of the total population of each strain resistant to each 
of these concentrations of isoniazid. Across the bottom of each chart is indicated the in 
vitro sensitivity to isoniazid of each strain as tested in two liquid media, Tween” -albumin 
TA) and oleic-acid- albumin (OA) 
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10 and 11) most of the cells were soon resistant to this low concentration of 
drug. 

In some instances (Cases / and 2) mutants resistant to 1.0 y of isoniazid per 
ml. also reached a high level, 30 per cent or more, within two or three months 
of therapy and continued to increase thereafter. In other instances (Cases 5-9) 
they showed a similar increase but then appeared to level off in the range of 
10 to 30 per cent or less of the total population. 

In 7 of the 11 cases it was never possible to demonstrate that more than 30 
per cent of the cells present were resistant to | y of isoniazid per ml., and gen- 
erally a much lower percentage of these variants was found. 

In 3 instances (Cases 1-3) mutants resistant to 10 y of isoniazid per ml. were 
found to be present consistently in large numbers, i.e., they made up more than 
10 per cent of the total population. In only 2 other individual cultures (Cases 
6 and 8) did these mutants reach levels of more than | per cent of the total popu- 
lation. 

Comparison of the figures at the bottom of each chart indicates that the in 
vitro susceptibility as determined in liquid medium gives a reasonably good 
indication of the change in bacterial population. Indeed, it appears to provide a 
value which may be useful clinically and is a practicable procedure, whereas the 
precise enumeration used in the present study is not practicable on a large scale. 

As may be seen, drug-susceptibility testing in Tween*-albumin medium fre- 
quently gave slightly lower values for the minimal inhibitory concentration 


TABLE 1 


or Tusercie Bacitu Isontazip as Testep Liquip Mepium 


MINIMAL INHIBITORY CONCENTRATION IN MICROGRAMS PER MILLILITER 
MONTHS OF TREATMENT 


<01 01-10 


Pretreatment 


—t 


~ 


FCs 37 0 0 
2 0 
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5 2 
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7 ( 
0 
0 
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12 0 
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17 0 
18 0 
19 0 
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than in oleic-acid-albumin medium. This same effect has been noted previously 
with a variety of antituberculous drugs and is presumably the effect of the pres- 
ence of Tween". Its magnitude does not seem sufficiently great to alter the use- 
fulness of the test, whichever medium is chosen, so long as the same medium is 
used consistently. 

The data in table | are the results to date of the drug-susceptibility tests in 
liquid medium of the strains from all patients thus far observed on treatment 
with isoniazid alone. The same trend toward early development of resistance 
and the frequency of intermediate degrees of resistance described above are again 


reflected in these data. 


DISCUSSION 


These observations bring out clearly the complexity of the process of the 
emergence of isoniazid-resistant mutants under therapy and add further weight 
to the statement made by MeDermott and associates (14) in an early phase 
of the work with isoniazid that “the question of isoniazid resistance is much 
more complicated than is the case with streptomycin.” 

The data obtained are in general agreement with observations reported many 
previous times to the effect that, when tubercle bacilli can be recovered from 
patients subsequent to the initiation of isoniazid therapy, an obvious change in 
bacterial population with respect to inhibition by this drug soon becomes evi- 
dent. In the present study, when careful quantitative studies were made on the 
proportion of each culture susceptible or resistant to isoniazid, however, it was 
readily apparent that marked variations in the speed and magnitude of the 
development of resistance were seen in this small group of patients. The degree 
of this change with respect to the lowest concentration of isoniazid (0.1 y per 


ml.) was particularly marked. In many instances (9 of the 11), however, the 
preponderance of cells in the culture continued to be inhibited by 1.0 y of iso- 
niazid per ml., a concentration which is readily attained in vivo. This was espe- 
cially striking in Cases 5 through 9 and Case 11. These patients were observed 
during seven to nine months of therapy, and at all times at least 70 per cent and 
generally more of the organisms obtained in their cultures were inhibited by 1.0 


of isoniazid per ml. 

It is apparent, therefore, that the uniformity of the population in a “resistant” 
strain must always be suspect unless steps have been taken to ensure that such 
uniformity is indeed the case. As previously mentioned, the uniform develop- 
ment of a high degree of resistance could have at least two divergent implications, 
loss of drug effect or the diminished pathogenicity which has been demonstrated 
in guinea pigs. The heterogeneity of the bacterial populations in the cultures 
of the present study would indicate that great caution should be exercised in 
interpretation of any culture as “resistant,’’ whichever implication is being con- 
sidered. 

The observations reported add weight to the evidence that the apparently 
conflicting results reported on pathogenicity of “resistant” cultures for guinea 
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pigs could be explained by the presence of many fully virulent but drug-suscep- 
tible cells in the so-called resistant cultures. 

From the data reported it does not seem possible to draw any conclusion with 
reference to the time at which neutralization of drug effect may be anticipated. 
In unpublished experiments, however, it has been demonstrated that an increase 
in intermediate or highly resistant mutants to as little as | to 4 per cent of the 
total population is highly significant in terms of reduction of drug effectiveness 
in mice infected with such strains. 

Certain objections may be raised to the technique utilized in the in vitro tests 
used in the present study. Such tests involving subcultures may be in error if 
the mutants of varying degrees of resistance have different growth rates. Re- 
peated observations on the same cultures, including strains of widely differing 
isoniazid susceptibility, have given quite consistent results, and, hence, it is 
believed that this objection is minimized. A more serious objection stems from 
the possibility that the medium employed lacks certain metabolites required by 
the resistant cells but not by the drug-susceptible ones. Lacking further defini- 
tion of these nutritional requirements, this objection was not circumvented in 
these studies. 

SUMMARY 

Data have been presented on the tn vitro susceptibility to isoniazid of tubercle 
bacilli from a group of patients treated with this drug as the sole antimicrobial 
agent. These data confirm the observations previously made by others that, 
when tubercle bacilli are still recoverable from patients under isoniazid therapy, 


a rapid change occurs in the makeup of the bacterial population with respect to 
inhibition by isoniazid. Quantitative observations on the cultures in the present 
study, however, strikingly reveal the complexity of this process and emphasize 
the need for extreme caution in drawing conclusions concerning the precise 
time required for neutralization of drug effect. Although high degrees of bac- 
terial resistance may occur early in the course of therapy, this is by no means an 


invariable occurrence. 

Further observations should be made on this phenomenon utilizing, if pos- 
sible, techniques which would permit enumeration of mutants of various degrees 
of resistance in direct cultures of infected materials. 


SUMARIO 
Observaciones Cuantitativas acerca de la Formacién de Resistencia a la Isoniacida 


Los datos presentados versan sobre la susceptibilidad in vitro a la isoniacida de bacilos 
tuberculosos procedentes de un grupo de enfermos tratados con dicha droga como tnico 
agente antimicrobiano. Confirman esos datos anteriores observaciones ajenas de que, cuando 
hay todavia bacilos tuberculosos obtenibles en enfermos sometidos a la isoniacidoterapia, 
tiene lugar una rApida modificacién en la composicion de la poblacién bacteriana con respecto 
a inhibicién por la isoniacida. No obstante, las observaciones cuantitativas realizadas en 
los cultivos en el estudio actual revelan elocuentemente la complejidad de ese proceso y 
recalean la necesidad de desplegar suma cautela al sacar conclusiones acerca del tiempo 


preciso requerido para la neutralizacién del efecto medicamentoso, Aunque pueden pre 
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sentarse tenores elevados de resistencia bacteriana al principio de la terapéutica, esto no es 
en modo alguno constante. 
Deben llevarse a cabo observaciones ulteriores sobre este fenédmeno, utilizando, si es 


posible, téenicas que permitan la enumeracién de las mutantes dotadas de distintos grados 


de resistencia en cultivos directos de las substancias infectadas. 


RESUME 
Observations quantitatives sur les modalités d’apparition de la résistance a U'Tsoniazide 


Présentation de données sur la sensibilité A l’isoniazide, in vitro, de bacilles de Koch 
provenant d’un groupe de malades recevant ce médicament comme unique agent anti- 
baectérien. Ces données confirment |’observation préeédemment faite par d'autres auteurs 
que, en présence de bacilles tuberculeux récupérables chez des sujets soumis & |’isoniazide- 
thérapie, il se produit un changement rapide dans la composition de la population bacté- 
rienne en relation avec l’inhibition par l’isoniazide. Dans |’étude actuelle, les observations 
quantitatives sur les cultures révélent de fagon saisissante la complexité de ce processus et 
mettent la nécessitée d'exercer une extréme prudence pour tirer des conclusions & l’égard 
du temps exact réelamé pour la neutralisation de l’action de l’isoniazide. Bien qu'un im- 
portant degré de résistance bactérienne puisse se produire dés le début du traitement, cette 
manifestation est loin de se produire toujours 

Il y « lieu de poursuivre les observations sur ce phénoméne, en utilisant, si possible, les 
techniques qui permettraient I’énumération des mutants de divers degrés de résistance 
dans les cultures directes de matiéres infectées 
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ISONIAZID THERAPY OF TUBERCULOUS PATIENTS AS A 
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INTRODUCTION 


The present communication represents an attempt to evaluate the effective- 
ness of isoniazid in the preoperative preparation of patients for pulmonary re- 
section. The possible theoretical objections to the use of a newly introduced drug 
as the sole treatment led to the selection, early in the study, of only those pa- 
tients in whom streptomycin-resistant organisms had been found or suspected 
because of the clinical course of the disease. After the effectiveness of isoniazid 
and the lack of significant toxicity were apparent, this drug was used as the sole 
therapy for patients in whom resection was deemed advisable and who had re- 
ceived no streptomycin or para-aminosalicylic acid (PAS). The only criterion for 
selection was the expected availability for surgery shortly after the initiation of 
treatment. 

The report is based on 71 patients who received isoniazid or iproniazid® as the 
sole antituberculous drugs in their preoperative period. The timing of surgical 
intervention was varied deliberately but was influenced somewhat by continued 


improvement, cavity closure, and similar considerations, particularly in the 


later period, so that some of the patients with the longest period of treatment 
were those in whom continued improvement was apparent. Early in the study, 
the regression of a tuberculous endobronchitis was all that was awaited before 


pneumonectomy or lobectomy. 
PLAN OF INVESTIGATION 

Fifty-eight patients received isoniazid, 50 mg. three times dailv; 5 received 100 mg 
three times daily; and 2 received 150 mg. three times daily. Iproniazid was used in dosages 
of 50 mg. four times daily for 6 patients and, unless otherwise specified, will be considered 
in the subsequent discussion without distinction from isoniazid 

The duration of preoperative treatment varied from two to thirty-two weeks (average 
Il weeks). The drug was given up to and including the morning of operation, and was 
usually resumed as soon after surgery as oral medication was tolerated, which was usually 
the first postoperative day 

Close attention was given to possible toxic reactions. Careful hematologic and liver 
function studies, including bromsulfalein retention, Hanger’s test, van den Bergh test, and 
prothrombin times, revealed no evidence of toxicity. Renal toxicity was not evident in 
weekly urinalyses and determinations of blood non-protein nitrogen 

All patients had some form of pulmonary resection: one had wedge resection; 31, seg 
mental; 13, lobectomy; 13, lobectomy plus additional segmental or wedge resection; and 
13, pneumonectomy. The pre-anesthetic medication consisted of scopolamine. Anesthesia 


' From the Department of Medicine, University of Wisconsin Medical School, Madison, 
Wisconsin; and the Veterans Administration Hospital, Madison, Wisconsin 
* The isoniazid and iproniazid (Rimifon” and Marsilid”) used in this study were sup- 
plied by Hoffmann-LaRoche, Ine 
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was usually induced with intravenous sodium amytal and maintained with ether, cyclo 
propane, nitrous oxide, or a combination of these agents. The most commonly used post 
operative medication was Dilaudid,” although morphine and Dromoran”™ were also used. 


METHODS AND MATERIALS 


The surgical specimens were handled with sterile precautions. Within two to four hours 
after operation, representative areas of nodular and (if present) cavitary disease were 
removed. These portions of tissue were then pooled, minced, and ground in a mortar and 
pestle with the addition of a small amount of isotonic saline. After filtration through a 
loose cotton plug, the material was digested with a 3 per cent sodium hydroxide solution 
for forty-five minutes. Neutralization of the suspension was done with 25 per cent acetic 
acid. After centrifuging for twenty minutes, smears of the concentrates were stained and 
examined for acid-fast bacilli. Cultures from the concentrates were planted either on Jen 
sen’s modification of Liwenstein’s medium or on American Trudeau Society medium. 
The cultures were incubated for eight weeks before being reported as negative. Six con 
centrates were also injected into guinea pigs. The animals were not sacrificed until at least 
eight weeks after inoculation. Isoniazid-susceptibility tests were made on all positive 
cultures. Due to a defective incubator, cultures were completed on only 49 of the 71 speci 
mens 

After specimens for the bacteriologic study had been removed, the remaining lung tissue 
was inflated with air and preserved by injection of the bronchial tree with fixative and 
immersion in the fixative for one week. Serial slices at 0.5 to 1 em. were made and blocks of 
tissue from representative disease areas were removed for microscopic examination. All 
microscopic sections were stained with hematoxylin and eosin 

The entire group of 71 surgical specimens was examined for gross and microscopic char 
acteristics. The pathologic findings were classified under two major headings: parenchymal 
disease and bronchial disease, and compared with specimens from streptomyein- and PAS- 
treated groups. 

In classifying in terms of parenchymal disease, the presence or absence of gross cavitation 
was noted. In the absence of cavitary disease, a search for liquefying nodules with central 
basophilia, cellular debris, and polymorphonuclear leukocyte infiltration was made. The 
dominant types of solid nodular disease were subdivided into three categories: fibrocaseous 
nodules, cellular tubercules, and a combination of the two nodular types 

The fibrocaseous nodules were defined as lesions with central caseation and a relatively 
dense acellular wall. In contrast, cellular tubercles were defined as lesions which were 
composed of epithelioid and giant cells with relatively little fibrous tissue or caseation 

The bronchial changes were placed in 5 groups: bronchi normal, chronic bronchitis, 
tuberculous bronchitis, bronchiectasis without endobronchial tubercles, and bronchiectasis 
with endobronchial tubercles. No attempt was made to determine the extent or severity of 
these changes. A diagnosis of bronchiectasis was made only if readily discernible gross 
dilatation and distortion of bronchi were noted. If tubercles, caseation, or tuberculous 
granulation tissue were found in the dilated bronchial wall, the specimen was classified as 
bronchiectasis with endobronchial tuberculosis. If bronchi of normal caliber contained 
tuberculous foci within the wall, a diagnosis of tuberculous bronchitis was made. The 
diagnoses of tuberculous bronchitis and bronchiectasis with endobronchial tuberculosis 
were not made if the only lesion was found at the bronchocavitary junction. Chronic bron 
chitis was the term used when a significant increase in lymphocytic and plasma cell infiltra 
tion of the bronchial wall occurred without evidence of the specific changes regarded as 


tuberculous. 


OBSERVATIONS 


Although assessment of results is based on the bacteriologic and pathologic 
findings, an additional attempt was made to tabulate the usual evidence of clin- 


{ 
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TABLE 1 


Tue Resvuits or Seurum Cuvtrures or 71 Patients at THe [NstrruTion or [sontazip 
on Iprontazip THerary AND IN THE IMMEDIATE PrRe-suRGICAL 


Initial sputum 
Preoperative sputum 


MICROSCOPY 


Positive Negative Positive 


42 17 12 53 
15 


TABLE 2 


CULTURE 


Not 
Negative Recorded 


Tue CLINicaL or 49 Patients Recetvep Isontazip or TpRONIAZID 


48 THE SoLe PREOPERATIVE CHEMOTHERAPEUTIC 
CuLTURES oF THE ReEsEcTED Specimens 


CLINICAL CLASSIFICATION OF 
PULMONARY TUBERCULOUS LESIONS 


Minimal 

Moderately advanced 
Far advanced 

Totals 


MICROSCOPY FoR 


AGENT AND THE RESULTS OF SMEARS 


CULTURES FoR 


NUMBER OF ACED-FAST BACILLI M. TUBERCULOSIS 
CASES 
Positive Negative Positive Negative 
1 3 1 0 4 
Is 15 3 1 l4 
27 20 7 7 20 
14 3S 3S 


ical improvement, such as roentgenographic clearing and status of infectiousness, 
prior to surgical intervention. The group as a whole included many patients in 
whom the chronic fibrocavernous type of disease precluded any marked roent- 
genographic change in a short course of therapy. In 50 patients, the disease 
showed little or no significant change, in 12 it was slightly improved, and in only 
10 was there moderate or marked improvement in the chest roentgenogram. 
The control of fever, lessening of sputum volume, gain of weight, and feeling of 
well-being were noted in the majority of patients. 

As a result of difficulties with a faulty incubator, several cultures were lost and, 
in several patients, the immediate pretreatment cultures were not obtained or 
were negative for tubercle bacilli. These results are summarized in table 1, and it 
may be seen that “sputum conversion’’ was common in the preoperative period. 

Smears were made of 70 of the 71 resected specimens and, of these, 56 (80 
per cent) were positive and 14 (20 per cent) were negative for acid-fast bacilli. 
The 49 tissue specimens for which cultures are available showed the same inci- 
dence of positive and negative smears, but only 11 (22 per cent) of the 49 speci- 
mens were positive for M. tuberculosis on culture. The data on the smears and 
cultures of the resected specimens are correlated with the extent of the patient's 
disease in table 2. 

Drug-susceptibility tests were made on 10 of the 11 positive cultures. Seven 
of these strains of tubercle bacilli were completely susceptible to 5 y of isoniazid 
per ml. One strain was resistant to 5 y per ml., but was completely susceptible to 
10 y per ml. This strain was obtained from a gross cavity removed from a patient 
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TABLE 3 

A COMPARISON OF THE DURATION OF THE PREOPERATIVE ISONIAZID OR I[PRONIAZID 
THERAPY WITH THE SMEARS AND CULTURES oF THE ResEecTED Specimens 

MICROSCOPY FOR 


NUMBER OF ACID-FAST BACILLI 
SPECIMENS 


CULTURES FOR M. TUBERCULOSIS 
WEEKS OF THERAPY 
Positive Negative Positive Negative 

2-8 4 17 l4 

16 

17-24 10 


25 or more 3 


TABLE 4 
A CoMPARISON oF THE CULTURES OF REsSECTED WIth THE DURATION OF 
Srrepromycin-PAS Tuerary Prion To STarTING AND IPRONIAZID 


MONTHS OF STREPTOMYCIN PAS THERAPY 


Nt ors ‘ NEGA 
PRIOR TO STARTING ISONIAZID OR [PRONIAZID MBES OF SPECIMENS positive 


None ll 
1-6 months 18 
7-12 months 10 
13 or more months 10 


who had been treated for seven weeks. In 2 patients, in both of whom cavitary 


disease persisted, who had received ten to thirteen weeks of treatment pre- 
operatively, the strains of M. tuberculosis cultured from the resected specimens 
were resistant to 50 and 100 y of isoniazid per ml., respectively. Of the 7 strains 
susceptible to 5 y of isoniazid per ml., 4 strains were from noncavitary disease of 
patients who had received eight to fourteen weeks of isoniazid therapy and 3 
were from cavitary specimens from patients who had received four to seven 


weeks’ preoperative therapy. 

In table 3 the results of the cultures of the resected specimens and the duration 
of preoperative therapy are tabulated. The most significant observation is that 
no tubercle bacilli were cultured from the 13 resected specimens of patients who 
had received seventeen or more weeks of treatment. This may have been in- 
fluenced somewhat by the timing of surgery, as it did tend to be delayed in the 
event of continued improvement. The findings in the patients who received 
previous PAS and streptomycin therapy were essentially similar, as shown in 
table 4. It is interesting to note, however, that tubercle bacilli could not be cul- 
tured from the 11 specimens removed from patients who had received only 
isoniazid, 

As stated before, the selection of the patients was such that the persons who 
were selected for treatment with isoniazid alone had, as a rule, less extensive 
disease which, for that reason, was regarded as suited for excisional surgery after 
a relatively short term of chemotherapy. In patients from whom streptomycin- 
resistant strains of VW. tuberculosis had been isolated, there was an understand- 


te 

0 1 
5 13 
3 7 
3 7 
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able tendency to proceed with surgery without awaiting further improvement of 
endobronchitis or marked reduction of cavity size on the isoniazid therapy for 
fear of being unable to control such a problem should resistance to isoniazid de- 
velop. 

The presence of residual cavity exerted an influence on the incidence of cul- 
turable tubercle bacilli. Gross cavitation was present in 19 of the 49 specimens 
on which the results of cultures were available. Of the 19 cavities, 15 showed 
acid-fast bacilli on microscopy and 7 were positive for M. tuberculosis on culture. 
Of these 7 cultures, 2 contained organisms highly resistant to isoniazid and one 
resistant to 5 y but inhibited by 10 y per ml. Twenty-three of the 30 noncavitary 
specimens were positive for acid-fast bacilli on smear but only 4 yielded cultures 
positive for tubercle bacilli. All of these 4 cultures were drug susceptible in vitro. 

In table 5 the various types of parenchymal lesions in the isoniazid-treated 
group are compared with 136 specimens from patients who had received from 
one to four months of streptomycin-PAS preoperatively. The only notable dif- 
ference was in the incidence of gross cavities, which was higher in the isoniazid 
group. It is believed that this is merely a reflection of the relatively large numbers 
of streptomycin-resistant cases among the patients selected. It may be seen in 
table 6 that there was relatively little difference between the two groups with 
respect to bronchial abnormalities. 

The patients have been followed for nine to seventeen months postoperatively. 
Isoniazid alone was continued in the postoperative period for varied periods which 


averaged approximately six months unless extensive residual disease remained. 


Two patients have died, and 4 patients have continued to excrete tubercle bacilli 
throughout the period of observation. A 40-year-old white male died four weeks 
after a left pneumonectomy and one week after a secondary thoracoplasty. 
Necropsy revealed a ruptured aorta secondary to a tuberculous aortitis. The 
second death was due to chronic cor pulmonale in a 47-year-old white male five 
months after a right pneumonectomy. One patient developed a bronchopleural 
fistula. In this patient, no tuberele bacilli were demonstrated after the resection 


TABLE 5 
A Comparison or THe Tyres or Parencuymat Luna Lesions 71 Specimens 
Removepo rrom Patients Recetvep [sontazip on Iprontazip with 136 
Srecimens Removep rrom Patients WHo Recetveo One to Four Montus or 
Srrerromycin-PAS 


ISONIAZID O8 


OMYCIN 
IPRONTAZID 


PARENCHYMAL LESION 


Number Per Cent Number Per Cent 


Fibrocaseous nodules 

Cellular tubercles 

Both fibrocaseous nodules and cellular tubercles 
Cross cavities 

Liquefying nodules 

Noneavitary and nonliquefying lesions 


= 

20 27 38 28 

11 16 31 23 

40 56 67 49 

24 34 31 23 

16 23 29 21 

3l 43 76 
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TABLE 6 
A Comparison or THE Types oF BroncuiaL Disease 70 Specimens Removep 
Patients Hap Recetvep Isontazip or Tprontazip (6 Cases) wrrn 118 Specimens 
From Patients WHo Hap Recetvep One Turovucu Turer Monrus or Strep 
romyctn-PAS Tuerapry 


ISONTAZID 
IPRONTAZID 


STREPTOMYCIN PAS 
BRONCHIAL FINDINGS 


Number | Per Cent Number = Per Cent 


Bronchi normal 3 12 10 
Chronic bronchitis d 27 
Tuberculous bronchitis 2: 23 
Bronchiectasis without endobronchial tuberculosis 8 4 
Bronchiectasis with endobronchial tuberculosis : 25 
Both types of bronchiectasis . 47 39 


Total specimens with endobronchial tuberculosis 3é 57 1s 


and a secondary closure was successful. He remains well and has been discharged 


from the sanatorium. 
Four patients either failed to “convert their sputum’ 
currence of sputum containing tubercle bacilli. Some comment concerning these 


after surgery or had re- 


1 patients is appropriate. 


The first patient was a 45-year-old male who had extensive bilateral miliary type of 
disease with bilateral thin-walled cavities, first recognized in 1946. Renal tuberculosis was 
also present. Streptomycin-PAS had been used irregularly on several occasions and then 
continuously. A thin-walled cavity in the superior segment of the left lower lobe disap 
peared and then recurred on several occasions. Streptomycin-resistant tubercle bacilli 
had been isolated. After ten weeks of preoperative therapy with isoniazid, the cavity ap 
peared to be filled in. The cavity-bearing segment was removed with considerable difficulty 
because of the marked pleural reaction and extensive nodular disease. This cavity was 
negative for tubercle bacilli on culture. The expansion of the lung was poor and a broncho 
pleural fistula persists. The patient continues to discharge tubercle bacilli but is in good 
clinical condition 

A diabetie male of 24 years had bilateral cavities. With streptomycin-PAS he gradually 
improved but, after almost two years of continuous treatment, the right-sided cavities 
reopened and he demonstrated clinical worsening. Isoniazid was given for nine weeks 
before a residual 2 em. nodule, the site of a previous cavity, was removed from the left 
lung. Following surgery there was an increase in the roentgenographic shadows in the 
right lower lobe area and the sputum remained positive for acid-fast bacilli on microscopy 
Isoniazid was continued alone for two months and the roentgenographic appearance of the 
chest had almost returned to the preoperative level. By this time the laboratory report 
of isoniazid resistance of 50) per ml. was received and streptomycin-PAS was added 
Four months later there was no marked improvement in the chest roentgenogram, and 
his sputum remained positive for tubercle bacilli. At this time, December, 1952, the 
right upper lobe and superior segment of the right lower lobe were removed. There were 
some small ‘‘granular’’ areas of disease in the lateral and anterior basal segments, but it 
was not believed possible to remove these areas without doing a pneumonectomy. The 
upper lobe and the superior segment both contained cavities. Following surgery, the pa 
tient has stopped excreting tubercle bacilli and he has recently been discharged from the 
sanatorium. Cultures of the resected specimen revealed tubercle bacilli which were re 
sistant to 100 » of isoniazid and 10 4 of streptomycin per ml. of medium. This patient's 
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case is not included in the series because of the use of streptomycin-PAS in the preoperative 
preparation for the right lung surgery 

The third patient, a 26-year-old male, had moderately advanced tuberculosis. After 
ten weeks of isoniazid treatment the right upper lobe and superior segment of the right 
lower lobe were removed. Four weeks after surgery, a bronchopleural fistula with a small 
infected pneumothorax pocket appeared in the position of the segmental resection. The 
sputum was positive for tubercle bacilli by microscopy and culture. The therapy was 
changed to streptomycin-PAS. The roentgenographic changes gradually cleared and 
cultures of sputum and gastric washings have been negative for M. tuberculosis. 

The fourth patient who continued to discharge tubercle bacilli following surgery was a 
40-year-old man who had multiple pulmonary segments removed after fourteen weeks of 
isoniazid treatment. For ten months he was noninfectious and then tubercle bacilli re- 
appeared in the sputum. No demonstrable roentgenographie change occurred during this 
period and the actual source of the tubercle bacilli was never determined. The patient's 
treatment was changed to streptomycin-PAS, and six months later his sputum was once 
again negative for tubercle bacilli on microscopy and culture. 


COMMENT 


The operations were accomplished in all of the patients without complications. 
No prolonged or excessive bleeding was noted. No incompatibilities between the 


isoniazid and iproniazid and the anesthetic agents or pre- or postoperative 
medications were noted, and no difficulties were encountered with a wide variety 
of drugs used throughout the treatment period. The surgical morbidity and 
mortality were low in spite of a high proportion of ‘‘poor risk” patients. The 
postoperative course of the patients to the present time has been comparable to 


that of patients treated with streptomycin-PAS. 
SUMMARY 


Tuberele bacilli could be cultured from only 11 of 49 tuberculous lesions re- 
moved from patients whose sole preoperative chemotherapy was isoniazid or 
iproniazid. Isoniazid and iproniazid (6 patients) were potent antituberculous 
agents in this group of patients, as judged by clinical, roentgenographic, and 
bacteriologic criteria. 

SUMARIO 

La Isoniacidoterapia de los Tuberculosos como Preparacién para la Reseccién Pulmonary 

No pudieron cultivarse bacilos tuberculosos més que de 11 de 49 lesiones tuberculosas 
extirpadas a enfermos cuva tiniea quimioterapia preoperatoria consistié en isoniacida 
iproniacida. La isoniacida y la iproniacida (6 enfermos) fueron potentes agentes antituber 
culosos en este grupo de pacientes, juzgadas por pautas clinicas, radiogrdficas y bacteriolé 
gicas 

RESUME 
Tsoniazide-thérapie du tuberculeus dans la préparation a la résection pulmonaire 

Des cultures de bacilles tuberculeux n'ont été obtenues que dans onze cas sur 49 lésions 
tuberculeuses prélevées chez des sujets dont la seule chimiothérapie préopératoire consistait 
en isoniazide et iproniazide. Selon les critéres cliniques radiologiques et bactériologiques, 
l'isoniazide et lipronizide se sont montrées des agents antitubereuleux puissants dans ce 
groupe de patients (six malades) 
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COEXISTING PULMONARY COCCIDIOIDOMYCOSIS 
AND TUBERCULOSIS' 


A Review of Twenty-Four Cases 


BERT H. COTTON?, J. R. F. PENTIDO, J. W. BIRSNER, anv 
CLAUDE BABCOCK 


(Received for publication May 19, 1953) 


INTRODUCTION 


With the recent awareness of the incidence of coccidioidal infection, the recog- 
nition and treatment of coexisting pulmonary coccidioidomycosis and tuber- 
culosis have assumed new importance. A review of the literature reveals 19 case 
reports (18 males and one female) of coexisting pulmonary coccidioidomycosis 
and tuberculosis. In the present paper, a series of 24 cases is reported, and an 
attempt is made to postulate the pathogenesis and outline the diagnosis and 
treatment of this combination of diseases. 


OBSERVATIONS 
Present Series 

To facilitate analysis, pertinent features of the 24 cases are presented in tables 
1 and 2A and 2B. The 19 cases described in the literature are summarized in 
table 3. 

Surgically treated patients: There were 9 surgically treated patients. They 
ranged in age from thirty-one to sixty-two years; all of the patients were white; 
5 were female and 4 were male. Coccidioidomycosis was diagnosed by sputum 
examination in 5 patients, by complement fixation in 3, and by examination of 
surgical specimens in 4 patients. The sputum was positive for acid-fast bacilli 
in all patients except one, in whom there was clinical and roentgenographic evi- 
dence of tuberculosis prior to the coccidioidal infection. All of the 9 patients 
have recovered completely and are now working full time. 

Non-surgical patients: The non-surgical patients were divided into two groups, 
consisting of 8 infants and children and 7 adults. In the first group, the ages 
ranged from seven months to thirteen years. Coecidioidomycosis was diagnosed 
by complement fixation in all but one patient, in whom the diagnosis was made 
by sputum examination and culture. Tuberculosis was confirmed by culturing 
tubercle bacilli from sputum or gastric washings. All of these patients are still 
under observation, and 4 are in tuberculosis hospitals. 

In the adult group, the ages ranged from twenty-two to fifty years; 3 of the 


patients were females and 4 were males. Coccidioidomycosis was confirmed by 
positive complement fixation and sputum culture. Tuberculosis was confirmed 


' Presented before the Medical Session, as part of the symposium on Nontuberculous 
Diseases of the Chest, at the annual meeting of the National Tuberculosis Association, Los 
Angeles, California, May 19, 1953. 

*1321 North Vermont Avenue, Los Angeles, California. 
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by culturing tubercle bacilli from gastric washings or sputum. Five patients 
are still in hospitals and 2 are under observation as outpatients. The treatments 
used consisted of pneumothorax, pneumoperitoneum, antimicrobials, and bed 
rest. 

Ten cases reported in the literature are summarized in detail in table 3. Nine 
other cases were reported but not in detail. The patients ranged in age from 
twenty-one to fifty-six years. There were five whites, three Negroes, one Orien- 
tal, and one Japanese. Coccidioidomycosis and tuberculosis were confirmed 
by the previously reported laboratory methods. Only one patient was treated 
by surgery. The present status of most of these patients is not known. 


Postulated Pathogenesis 


The pathogenesis of coexisting pulmonary coecidioidomycosis and tubercu- 
losis might conceivably take the following form: 
Coccidioidal cavity with secondary infection by tuberculosis 
Tuberculous cavity with secondary infection by Coccidioides immitis 
Coccidioidal cavitation or infection in an area of dormant tuberculosis (1) 
Tuberculous cavitation in an area of coccidioidal granuloma (2) 
Concomitant infection (simultaneous infection with Mycobacterium tuber- 
culosis and Coccidioides immitis); or 
Coincident infection (separate area of pulmonary tissue involvement at 
different dates) 


Diagnosis 


The coexistence of various types of fungal diseases is not as rare as is generally 
believed. This is also true of coexisting tuberculosis and fungal diseases. 
As illustrated by Case / (table 1, figure 1B), when coccidioidal cavity is 


present and spread of the lesion occurs, coexisting secondary infection which can 


be caused by Mycobacterium tuberculosis should be suspected. In an established 
residual chronic cavity, an infiltrative process is not to be regarded as an ex- 
acerbation of coccidioidomycosis. A new etiologic agent must be sought. In the 
present cases, tuberculosis was a most common offender. 

The converse is also true. If a patient with arrested pulmonary tuberculosis 
shows signs and symptoms typical of reactivation, especially if the patient is 
living in an area in which coccidioidomycosis is endemic, tuberculosis should 
not be assumed to be the etiologic factor until the presence of coccidioidomycosis 
has definitely been excluded. This type of instance is exemplified by figure 2.4. 

Carcinoma must be considered in the event that the pathologic process assumes 
a nodular appearance in the region of a previously resolving or stable pulmonary 
coccidioidomycosis or when hilar adenopathy persists. 

In more than fifty cases of coccidioidal meningitis at Kern General Hospital 
during the past few years, there has been no instance in which the coccidioidal 
meningitis occurred after the development of a residual coccidioidal cavity. 
Consequently, once the diagnosis of coexisting coccidioidomycosis and tuber- 
culosis has been established, meningitis which develops in a patient with a 
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Fic. 1. Case 1 


A. Proved coceidioidal cavity in right hilar area 

B. Secondary infection of coccidioidal cavity with tuberculosis with extension to left 
upper lung field 

C. Spread of tuberculosis controlied by left pneumothorax and phrenic nerve crush 

D. Tuberculous cavitation in right apex with enlargement of hilar cavity. Right 
phrenic nerve crush did not control the spread of the disease 

E. Right pneumonectomy and thoracoplasty. Patient working full time three vears 
after surgery. Film taken one year after surgery shows no reactivation of disease 


pre-existing coccidioidal cavity can almost safely be assumed to be tuberculous 
in origin. 
If a residual chronic cavity is under observation and a pleural effusion de- 


velops, tuberculosis should be suspected as the etiologic factor, since cocecidi- 
oidal infections (in the experience of the present writers) do not reactivate. 


q 
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Fic. 2. Case 7 
A. Pulmonary tuberculosis of right lung with area of density in lower lung field 
B. Right empyema with complete collapse of right lung 
C. Postoperative film after right decortication and right middle lobectomy 


A complete history is important in the differential diagnosis of pulmonary 
coecidioidomycosis and tuberculosis. Failure of the physician to obtain a history 
of the patient’s activities while on holiday, as well as an oecupational history, 
is a frequent source of misdiagnosis. 

The differentiation of coecidioidal and tuberculous cavities may be difficult. 
In a particular patient, one cavity may contain Mycobacterium tuberculosis 
while a coexisting cavity, anatomically and roentgenographically similar to the 
first, may contain both Mycobacterium tuberculosis and coccidioidal spherules. 
Differentiation of one type of cavity from the other is facilitated by the fact 
that the cocecidioidal cavity is usually surrounded by a minimal zone of reaction 
in contradistinction to the tuberculous cavity, which usually exhibits a con- 
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Fia. 3. Case 4. Roentgenogram showing how extreme lung destruction can be caused 


by coexisting diseases. 


siderable reaction zone. The final differential diagnosis in all instances is made 
by recovery of the offending microorganism or by complement fixation test. 


Treatment 
As shown in tables | and 2, 9 of the patients with coexisting pulmonary coc- 
cidioidomycosis and tuberculosis were subjected to pulmonary resection while 
the remainder are under medical observation. Nineteen patients reported in 
the literature received medical therapy; one received pulmonary resection. 
Case 1 (table 1) illustrates the successful management of the coexisting 


diseases by surgical means. Prior to pulmonary resection, this patient was treated 
medically over a period of ten years; during this preoperative period all feasible 
medical measures were employed including several forms of collapse therapy 


(except thoracoplasty). 

In the present series, coceidioidal cavities secondarily infected with tuber- 
culosis were not amenable to collapse therapy. This situation may be considered 
as constituting an indication for resection. 

SUMMARY 

A series of 24 cases of coexisting pulmonary coccidioidomycosis and tuber- 
culosis is reported which has been assembled from the writers’ experience and 
from the literature. 
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All but one of the coexisting cases of pulmonary coccidioidomycosis and 
tuberculosis reported in the literature were treated non-surgically. Nine of the 
patients in the present series were treated by pulmonary resection. In none of 
these 9 patients did spread of the infection occur postoperatively. 

Coccidioidal cavities secondarily infected by Mycobacterium tuberculosis are 
seldom amenable to collapse therapy. In the presence of both diseases, the treat- 
ment of choice would seem to be pulmonary resection. 

The possibility of coexisting pulmonary coccidioidomycosis and tuberculosis 
must be considered in the diagnosis of all pulmonary cavities. 

If chronic coecidioidal cavitation is present and infiltration occurs, a secondary 
infection, usually tuberculosis, is the most common cause of the new area of 
disease. 

The presence of coccidioidomycosis must definitely be excluded in patients 
who live in areas in which coecidioidomycosis is endemic and who show signs 
and symptoms of apparent reactivation of arrested tuberculosis. 

Carcinoma should be suspected if nodular densities are noted in the presence 
of a coccidioidal cavity. 

Meningitis appearing in a patient with a known coccidioidal cavity should 
be assumed to be tuberculous in etiology. 

If pleural effusion occurs in a patient with a chronic coccidioidal cavity, tuber- 
culosis is the most likely etiologic agent. 

If a hydropneumothorax occurs, one must suspect rupture of the coccidioidal 
cavity. 


SUMARIO 


Coeristencia de Coccidioidomicosis y Tuberculosis Pulmonares 


Preséntase una serie de 24 casos de coccidioidomicosis y tuberculosis pulmonares coexis- 
tentes a la par que se repasa la literatura pertinente. 

Con excepcién de uno, todos los casos de coexistencia de coecidioidomicosis y tuberculosis 
pulmonares comunicados hasta la fecha por otros autores fueron tratados médicamente 
Nueve de los enfermos de los AA. fueron atendidos con la reseccién pulmonar, sin que en 
ninguno de ellos hubiera propagacién postoperatoria de la infeecién. 

Las cavernas coccidioideas infectadas secundariamente por el Mycobacterium tuberculosis 
rara vez ceden a la colapsoterapia. Cuando coexisten ambas dolencias, el tratamiento de 
eleccién parece ser la reseccién pulmonar. 

En el diagnéstico de todas las cavernas pulmonares, hay que considerar la posible co 
existencia de coccidioidomicosis y tuberculosis 

Si existe cavitacién coecidioidal erénica y sobreviene infiltracién, la causa més comin 
de la propagacién es una infeccién secundaria, por lo general tuberculosis 

Hay que excluir definitivamente la coccidioidomicosis en los enfermos que viven en zonas 
donde esa dolencia es endémica y que revelan signos y sintomas de aparente reactivaciGn 
de una tuberculosis estacionada 

Debe sospecharse carcinoma si se notan densidades nodulares cuando existe una caverna 
coccidioidal 

Cabe suponer que la etiologia es tuberculosa en toda meningitis que aparezcea en un en 
fermo que se sabe tiene una caverna coccicdioidal 

Si se presenta derrame pleural en un sujeto que tiene una caverna coccidioidal erénica, 
la tuberculosis es el agente etiolégico mds probable 

Si aparece hidroneumotérax, debe sospecharse rotura de la caverna coccidioidal 
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RESUME 
Coexistence de coccidiomycose pulmonaire et de tuberculose 


Rapport sur une série de 24 cas of la coccidiomycose et la tuberculose coexistaient ; les 
communications sur ce sujet sont passées en revue 

Jusqu’A ce jour, tous les cas d’association de la coccidiomycose pulmonaire et de la tu 
bereulose sauf un, rapportés par d'autres auteurs, avaient été traités médicalement. Neuf 
des malades suivis par l’auteur ont été traités par la résection pulmonaire. Parmi ces neuf 
malades il ne s'est produit aucune dissémination post-opératoire de l’infection 

Les excavations coccidiales secondairement infectées par le Mycobacterium tuberculosis 
cédent rarement au collapsus pulmonaire. En présence de ces deux affections il semble done 
que le traitement de choix soit la résection pulmonaire. 

La possibilité de la coexistence d'une coccidiomycose pulmonaire et de la tuberculose doit 
étre envisagée dans le diagnostic de toute caverne pulmonaire. 

En présence d'une caverne coccidiale chronique, l’apparition d'un infiltrat A ce niveau 
indique une infection secondaire; la tuberculose étant la cause la plus habituelle de cette 
contamination 

Le diagnostic de coccidiomycose doit étre éliminé de fagon absolue chez les patients habi- 
tant les régions of la coccidiomycose est endémique et qui présentent les manifestations 
pathologiques de la réactivation d'une tuberculose stabilisée 

Le diagnostic de cancer devra étre considéré si des opacités nodulaires sont observées 
lorsqu’il existe une excavation coccidiale 

L’apparition d'une méningite chez un malade porteur d'une caverne coccidiale doit 
faire soupconner |'étiologie tuberculeuse. 

S’il se produit un épanchement pleural chez un malade porteur d’une caverne cocci- 
diale chronique, la tuberculose est l’agent étiologique le plus probable 

S’il se produit un hydropneumothorax, il y a lieu de penser qu'il s’agit d'une caverne 
coecidiale rompue 
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ANTITUBERCULOUS ACTIVITY OF SUBSTITUTED THIOUREAS' 
II. Activity in Mice 
P. C. EISMAN, E. A. KONOPKA, anv R. L. MAYER 
(Received for publication December 21, 1953) 


INTRODUCTION 
Previous reports (1, 2) have indicated that certain dipheny! thioureas (thio- 
carbanilides) of the general structure: 


R— »>—NHCSNH 


/ 


have appreciable chemotherapeutic activity in tuberculous mice and guinea 
pigs. This paper presents data on the antimicrobial activity of more than 300 


thiourea derivatives which were tested against M. tuberculosis in vitro and in 


mice. 
OBSERVATIONS 


In Vitro Tests 


All compounds subjected to chemotherapeutic tests were also evaluated for in vitro 
activity against MW. tuberculosis var. hominis (H37Rv) in «a modified Kirehner’s liquid 
medium? containing 0.03 per cent Tween” 80 and 0.5 per cent serum albumin. The test organ- 
ism was grown in this medium for seven days at 37°C., and the resulting culture was then 
diluted with Kirehner’s medium (without serum albumin) to contain approximately 50,000 
organisms per ml. Inocula of 0.1 ml. amounts of diluted culture were used to seed 10 ml. of 
broth containing varying concentrations of the thioureas. Propylene glycol was used to 
prepare initial solutions of the more insoluble compounds. All assay tubes were incubated 
for fourteen days, and the minimal inhibiting concentrations were then determined 


The results of the in vitro testing of 295 thiourea derivatives showed consider 
able variation. The minimal inhibiting concentration obtained with a number 


‘From the Research Department, CIBA Pharmaceutical Products, Inc., Summit, New 
Jersey 
* Composition of modified Kirchner’s medium 
Na,HPO,-7HO 3.0 gm 
KH.PO, 0 gm 
MgS0O,(anhyd) 6 gm 


Sodium citrate 2.5 gm 
gm 


O5 gm 
0 mi 


Asparagine 
ammonium citrate 
Glycerin 
Tween" 80 3 mil 
Distilled water, q.s ml 
Autoclave for fifteen minutes at 15 pounds. Sterile (Seitz-filtered) serum albumin solu 
tion is then added 
* The in vitro activities of these compounds are recorded in the appendix tables in the 
reprints of this article 
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TABLE 1 


Recationsuie BeTween THE IN Virro AND IN Vivo Activities or 307 


UMBER OF COMPOUNDS 

MINIMAL INHIBITING 
ENTRATION IN BROTH 
With Significant 


Activities in Vive Per Cent 


100 
> 100 


TABLE 2 
AnTITUBERCULOUS AcTIVITIES IN Mice or 
R--HNCSNH-—R’ 


OMPOUND 
TRATION 


IN DIET 


Su 1705 OCTHLCHICH 


Su 1906 CH N(CH)» 


Su 2079 HCl CH,(CH,),0 OCH,CHLN (CoH, 


Su 2358 HC! CHCH.O OCH.CH,N 


Isoniazid C--NHNH, 


of these compounds was | y per ml., whereas many others were active only at 
a concentration of 125 y per ml. There was no correlation, however, between the 
in vitro and in vivo results, for certain compounds with appreciable activities in 
mice possessed relatively low in vitro activities (table 1). Four of the thioureas 
which exerted excellent therapeutic effects in mice infected with the H37Ry 


122 
Inactive m Vi 
y per mil 
l 27 27 100 0 
2-5 42 32 76 10 
6-10 2s 17 
11-30 100 33 33 67 
| 87 21 22 66 
24 3 13 20 
INCREASE 
Pee 
CONTROLS vors 
kK R DAYS 
0.10 15.0 + 100 
(CORE 0.05 15.0 + 70 
0.025 —1.0 0 
0.05 16.0 + 100 
0.025 16.0 + SO 
0.01 1.0 10 
3 0.05 15.0 4+ 
0.025 15.0 + 
0.01 2.0 2 
0.05 15.0 + 100 
0.025 15.0 + 
0.01 0.0 0 
0.025 15.0 + 100 
0.01 1.0 + 100 
0.005 15.0 + 100 
N 


ANTITUBERCULOUS ACTIVITY OF SUBSTITUTED THIOUREAS 


TABLE 3 
In Virro ANTIMYCOBACTERIAL ACTIVITIES OF CHEMOTHERAPEUTICALLY AcTIVE THIOUREAS 
AND OTHER SUBSTANCES 
MINIMAL INHIBITING CONCENTRATIONS MIL OBTAINED 
WITH THE POLLOWING St BSTANCES 
TEST ORGANISM 


rhioureas* 


Su 1906 


VU. tuberculosis 
Human strains: 
H37Rv #80 
H37Rv #164 
H37Rv #301 
H37Rv #302 
H37Rv #225t 
Bovine strains: 
Ravenel #226 3.4 , 16 
#76 j 62.! 
BCG #256 31.: 
M. avium #299 38.3 16 
Saprophytic mycobacteria 
V. lacticola #126 31.: 125 
VW. phlei #42 125 25.0 125 
. smeqmatis #63 31. 25.0 125 125 
stercoris #40 125 25.0 62. 62! 


herolinense #46 125.0 25.0 62.5 62. 


“Iw 


* The chemical structures of these compounds are given in table : 


t This strain was used for all routine in vitro assays 


strain (table 2) were selected for in vitro testing against a variety of pathogenic 
and saprophytic acid-fast organisms and the observed minimal inhibiting con 
centrations are recorded in table 3. 


In Vivo Tests 

Sereening for antituberculosis activity: In the initial phase of the study, the sub 
stances subjected to evaluation were tested in mice infected with the Ravenel 
(bovine) strain of WM. tuberculosis, utilizing a technique similar to that described 
by Donovick, Rake, and co-workers (3, 4). Although untreated mice infected 
intravenously with a standardized inoculum of this strain succumbed at a rela- 
tively uniform rate, the use of the Ravenel strain was not entirely satisfactory. 
The tuberculous lesions which developed in the lungs of mice treated with ade- 
quate doses of streptomycin, para-aminosalicylic acid, or amithiozone approached 
in intensity those observed in the untreated groups in spite of a marked prolonga 


tion in survival rates. In subsequent experiments, the bovine strain was replaced 
by the H37Rv strain which yielded, under standard conditions, a predictable 
mortality rate for the untreated animals as well as the development of lung lesions 


more amenable to the influence of the above-mentioned therapeutic agents. How- 
ever, in agreement with the observation made by Rake and associates (4), the 
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Isoniazid 
Su 1795 Su 2079 Su 2358 

<0.5 
<0.5 3.9 
O.5 
<0.5 
5 <O0.5 1.0 
<0.5 10 
<0.5 10 
<O.5 2.0 
7.5 10 
) 0.5 62.0 
1.0 10 
2.0 10 
1.0 2.0 

1.0 1.0 
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measurement of lung lesion involvement in mice, as advocated by Raleigh and 
Youmans (5, 6, 7), was considered of lesser importance in a preliminary screening 
program than criteria based upon survival rates. 


White (CF,) mice, weighing between 15 and 20 gm., were infected intravenously in the 
tail vein with 0.5 ml. amounts of a culture grown for seven days in Kirehner’s liquid medium 
containing 0.08 per cent Triton-A20 and 0.5 per cent serum albumin and then diluted ap- 
proximately tenfold to standard turbidity. The organism was maintained in a uniformly 
virulent state by periodic reisolations from rough, corded colonies 

With but few exceptions, all substances were administered to mice admixed in finely 
ground Rockland mouse diet immediately following infection, and the treatment was main 
tained for thirty consecutive days. The experiments were terminated fifteen days beyond 
that day, as caleulated, when 50 per cent of the untreated animals succumbed to the in 
fection (T 

The infecting dose used in 43 consecutive experiments performed with the Ravenel strain 
was such that the average Ty value for the untreated groups was 19.0 days (plus-minus 
2.7). Later, when this culture was replaced by the H37Rv strain, the average Tyo value ob 
tained in the first 12 experiments was 19.8 days with a standard deviation of plus-minus 
1.6 days. Thus, in an experiment yielding a Tyo value of 20 days for the untreated group, all 
surviving mice were sacrificed on the thirty-fifth day 

In the diet experiments, all compounds were incorporated into the mouse diet at the 
maximal acceptable concentration, but in no instance, except for sulfanilyl thiourea, was 
the concentration greater than 0.5 per cent 

The compounds which demonstrated excellent activities (Ty) values of thirty-five days 
by this procedure were further tested at decreasing levels in order to establish the minimal 
effective doses. In these graded dose experiments, medicated food was supplied to the in 
fected mice immediately after infection as in the preliminary evaluations, but therapy was 
maintained for a total of only twenty-one consecutive days. Unmedicated mouse food was 
then restored and all surviving animals were sacrificed on the thirty-fifth day post infection 


From among the many thioureas thus evaluated, 91 were found to yield Ty 
values of at least thirty-five days. Since a complete listing of the activities of all 
compounds tested would render this report too voluminous, only the active 


thioureas are recorded! 


Active Thioureas (Ty Values of Thirty-five Days) and Corresponding Concentra- 
tions in the Diet 
Monosubstituted thioureas: 


sulfanilvithiourea, 2.0 per cent 


1 ,3-Disubstituted thioureas: 

a, R--NHCSNH_ -R (symmetrical) 
R: 4-C,H,O—C,H,—, 0.1%; 4-n-C;H,O—C,H,—, 0.05%; 4-iso-C,;H;O 
—, 0.01%; 0.025%; 4-see -C,HyO—C —, 0.05%; 
0.01%; 4-n-C O—C 0.05%; 4-is0-CsH),O 
0.025%; 0.01%; 4-CHsCH,OCH-- 
CH.O—C,H,—, 0.05%; 4-n-C;H,O—C,H,—, 0.025%; 4-n-C,Hs—C,H.—, 
0.1%; 0.05%; 0.025%; 4-CHs 


' Details of the results obtained with each of the thioureas investigated are available 


in the appendix tables in the reprint of this article 


— 
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4 


ANTITUBERCULOUS ACTIVITY 


OCH.CH,—C.H, 


pyridyl)-, 0.5% 


Oo. 
0.025%; 
207. 
0.3%; 


t-CHO—C HM, -NHCSNH—R 
R: 4-F—C,H, 
C,Hy—C.H.—, 0.05%; 
0.1%; 4-iso-CsH,, 
CH, —, 0.3%; 4-CH,OCH.CH, 
CyHy—, 0.25%; 4-n-C3H,O 
0.1%; 
0.05%; 
C.H,O—C,H,—, 0.5%; 
,H,O—CyH, 
CoHy 0.1%; 4-CH,CH.CO 
0.1%; 
C.H,—, 0.05%; 4-(n-C,H,).N 
CoH, 
0.1%; 3,4-(CH,CON HD) 
0.5%; 4-(C:H;).NCH-CHS— 
1-CH,O—C,H,—CH.—, 0.5%. 
OM, -NHCSNH 
R: 4-Br—C.H,—, 0.1%; 
C.H.—, 0.1%; 4-CH,;—C. H—, 
0.025%; 
0.1%; 


VHCSNHU 


CoH, 
CHyO 


4-Cl—C R 
R: 4-n-CyHy 
CH,—, 0.5%; 


eR 


t-n-C,Hy 
4-n-CHy 
t-n-C,H,O 
t-iso-C 
t-iso-C 
t-iso-C 
4-n-C H,,O 
t-iso-C 


VHCSNH 


CoH, 


CH, 
CH, 
4 
CH, 


Trisubstituted thioureas: 


RR’NCSNHR” 


R: CH;CO—; R’: 4-C,H,O—C,H, 


+-CH,O 


, 0.5%; 4-I-C,H, 
i-tert -C,Hy 

, 0.05%; 4-n-CoHs 
CyHy 
f-iso-C 
0.05%; 
4 n-C;HyO 
, 0.5%; 4-HOC 


, 0.5%; 4-n C;H;S 
‘oH, 


0.5%; 


1-(CHy)2N 


0.5%; 4-n-C)H,0 
0.05%; 


CoH, 4 
CH, 4 
+-CH,OCH-CH.CH, 


C.H,—, 
Cs 
0.05%; 4 
0.05%; 

t-iso-C, 
H.CH.O 
C.H.—, 


CoH, 


nae 
0.5%; 


0.5%; 
, 005%; 


CoH, 


1.0 mg. per os; 


05% 
( “Hy 


0.5%: 


R 
1-Cl 


0.05%; 
0.5%; 4-n-CyHy 
CoH, 


, 0.025%. 


CoH, 


R’ (miscellaneous) 


(CH 


CoH, 
CoH, 


(CHy)eN 


CoH, 


(CLHs) N 
(CH,).N 


R*: 4-C.H,O 


, 0.5%; 
0.05%; 4-CoH,OCH.CH.O 

, 0.025%; 

0.3%; 4-CH,OCH.CH.S 


0.025 


, 0.5%; 4-iso-CsH, 


. 
1.5%; 


H, 
HO 


H,,O 


oF 


Cs 


CoH, 
1 n C Hy, 
, 0.2%; 4-CHyCHLOCH, 


CoH, 


t-iso-C,H,O 
0.05%; 


CoH, 
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0.5%; 3-(6-n-butoxy 


Cl 


CoH, 


I, 


4-(1-piperidyl)-, 0.05%; 


0.1%; 
t-n-CyH,,O 
4 


3-quinolyl-, 0.25%; 


, 0.3%; 4-1 
, 0.025%; 


0; 1 n (CsHs5)oN 


t-iso-C,H,O 
CoH, 


, 0.5%. 


CoH, 


CoH, 


or 


0.5%; 4-CHYO 
t-sec -C 
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b. 
n- 
1 |. , 
0.025%; 4-n 
N 
Os 
05%: 
| 
—C.H.— 
d. 
0.05% 
0.05% 
0.025% 
0.025% 
0.025% 
0.025% 
- 
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Limited and delayed the rapy experiments: In order to establish further the de- 
gree of activity of the more interesting compounds, treatment of groups of in- 


fected mice was limited to only one, two, three, six, nine. and twelve days, re- 
spectively (table 4). In another series of experiments, treatment of infected mice 


was delayed for various periods of time up to twelve days after infection, but in 
each instance was maintained for a total of twenty-one consecutive days (table 5). 
Both types of experiments were terminated on the thirty-fifth day post infection. 

Evaluation of therapeutic activity: The estimation of the results of therapy in all 
experiments was based on the following criteria: 

a. Lxtension of An increase in the Tyo of three or more days be 
yond that obtained for the untreated, infected group Was considered 
significant and therefore indicative of chemotherapeutic activity. 

b. The per cent survival of mice within each treated group upon termina- 


tion of the experiment. 


TABLE 4 


or Detavep Tuerary wirn \ DERIVATIVES ON 
Mouse (H87TRy 
INCREASE IN T DAYS) ORTAINED 0.05 pre ceN 
‘ TRATIONS OF pt THE DIFT 


Su 196 


TABLE 5 
or Tuerary wirn Seceeren THrocrea DERIVATIVES ON 
Mouse Tusereviosis (H37Ry 
DAYS) ORTAINED WITH 0.1 PER CENT AND 
COMPHM ND I 


TREATMENT Su 1795 Su 1906 


O.1 Per Cent 0.05 Per Cent O.1 Per Cent 0.058 Per Cent O.1 Per Cent 105 Per Cent 


0 
15+ 
154 


12 15+ 


* Due to the unpalatability of the medicated diet containing the higher concentration 
of drug, a brief period of adjustment was necessary and the amount of food eaten during 
the first forty-eight hours of therapy was considerably below the normal food intake 


. — 
— 
ve 
Su 1795 Su 2358 
‘a 
13.5 154 15-4 
4 15+ 154 
0 15+ 154 
" 0 15+ 154 
12 0 0 
5 0 3.0 0 
4 
Su 2358 
days 
6.0 
15+ 
; 154 12.0 3.5 
15+ 154+ 154 
15+ 15+ 154 
15+ 15+ 15+ 15+ 15+ 
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Resistance Studies 


Attempts to produce, by serial transfer through broth, a strain of H87Ry 
resistant to representative thiourea derivatives have indicated that such re- 
sistance emerges at a slower rate than is encountered with streptomycin or 
isoniazid. Organisms isolated on several occasions from infected mice treated 
with thioureas were found to have developed no measurable degree of resistance. 

By means of serial transfers through broth containing increasing concentra 
tions of streptomycin, a strain of H387Rv was obtained which was capable of 
growth in the presence of 10 y per milliliter of broth. Mice infected with the 
streptomycin-resistant strain thus obtained were treated with seven thiourea 
derivatives possessing excellent activities as determined in earlier experiments 
The compounds were thoroughly incorporated in the ground food in concentra 
tions of 0.05 and 0.1 per cent. Included in the experiment were diets prepared 
with amithiozone (0.05 and 0.1 per cent) and para-aminosalicylic acid (O.1 and 
0.5 per cent). Two additional groups of mice were treated subcutaneously with 
1.5 and 3.0 mg. of streptomycin respectively, administered daily. Groups of 
10 mice were used for each dose level. In all instances, with the exception of 
streptomycin, treatment resulted in an extension of the Ts, value of fifteen days 
beyond that obtained for the control group. Treatment with streptomycin, how 
ever, afforded no significant degree of protection, although the doses employed 
were highly effective against infection induced with a nonresistant strain. All 
organisms isolated from the lungs of mice treated with each of the substances 
employed were found to have retained their original degree of streptomycin re 
sistance. 


DISCUSSION 


It is well known that, among the many classes of chemotherapeutically active 
compounds, a number of substances exert little, if any, appreciable activity by 
standard in vitro techniques. Examples of such substances are the arsphenamines, 
antimonials, and Prontosil. Conversely, a very large number of compounds are 
known to possess high in vitro activities but are completely devoid of any de 
monstrable chemotherapeutic effects in the animal body. For these reasons, all 


compounds screened for antituberculous activity were subjected to both the 


in vitro and in vive tests. From the data obtamed, several observations are evi 
dent. 

Unlike the other antituberculous agents, such as streptomycin and isoniazid, 
which are active in vitro against a wide range of pathogenic and saprophytic 
mycobacteria, the substituted thioureas direct their activity only against the 
tubercle bacillus (table 3). The range of in vitro activities of these latter com 
pounds extend from a low level (less than 125 7 per ml.) to a maximum of ap 
proximately | y per ml., depending upon the organism tested. 

Kighty-eight per cent of all compounds possessing an in vitro activity at a con 
centration of 5 or less y per ml. of test medium were also active in mice. Thus, for 
the majority of thioureas studied, a direct relationship between the in vitro and 
in vivo activities (table 1) exists. On the other hand, 13 per cent of those sub- 
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stances essentially inactive in vitro (more than 100 y per ml.) were nevertheless 
effective in tuberculous mice. Examples of compounds demonstrating a poor 
degree of correlation are Su 2079 and Su 2358 (tables 2 and 3). In spite of closely 
related chemical configuration, certain thioureas are either highly active m 
vitro and inactive in the mouse or, conversely, possess no appreciable activity 
in vitro but have significant activity in vivo. 

Of the I] representative monosubstituted and 1, 1-disubstituted thioureas 
included in this study, only sulfanilyl-thiourea (8) exhibited any appreciable 
degree of in vivo activity, although it required a concentration of approximately 
2.0 per cent in the diet to exert this effect. It is questionable whether the activity 
of this compound is due primarily to the thiourea component. 

Ninety-five per cent of all compounds demonstrating significant im vivo aec- 
tivities were among the | ,3-disubstituted thioureas subjected to evaluation. An 
analysis of the chemical structures of these active compounds reveals that the 
substituents attached to the benzene rings must be located at the 4,4’ positions 
and that maximum activity is obtained when these substituents consist of 3 or 


carbon atoms (2) 
SUMMARY 


Among a large number of substituted thioureas, 06 compounds demonstrated 
significant antituberculous activities in the experimentally infected mouse. 

The large majority of these active compounds were 1 ,3-diphenyl thioureas 
bearing substituents on the benzene rings in the 4,4’ positions. 

No clear-cut correlation was observed between the in vitro and in vivo activities. 


Representative thiourea derivatives exerted undiminished activities when 


tested in mice infected with a streptomyecin-resistant strain of MW. tuberculosis 
H37Rvy. 
SUMARIO 


(clividad Antituberculosa de las Tioureas Subatituidas: 11. Actividad en los Ratones 
entre una gran cantidad de tioureas substituidas, LOS compuestos mostraron importante 
actividad antituberculosa en ratones infeetados experiment ilmente 
La gran mayoria de esos compuestos activos eran 1,3-difenil- tioureas, que contenian 
substituyentes en los anillos beneénicos en las posiciones 44 
No se observé correlacién bien definida entre las actividades im vitro e in rive 
Tipicos derivados de la tiourea ejercieron sin atenuacién sus actividades al ser compro 


bados en ratones infectados con una cepa estreptomicinorresistente de H37Ry 


RESUME 


tetivité antituberculeuse des thio-urées substitudées: letivilé chez la souris 
Parmi un nombre important de thio-urées substituées, LOS composés ont démontré des 
propriétés antituberculeuses appréciables dans la tuberculose expérimentale de la souris 
La grande majorité de ces composés actifs étaient des 1,3-diphényl thio-urées avee 
substituants fixés aux cycles benzéniques en position 4,4 
Aucune corrélation bien définie ne fut observée entre Vactivité in vitro et in vive 
L’activité des dérivés caractéristiques de la thio-urée, éprouvé> chez des souris inoculée 


avee une souche H37Rv streptomycine-résistante, n'était pas diminuée 


| 


ANTITUBERCULOUS ACTIVITY OF SUBSTITUTED THIOUREAS 


Acknowledqments 


The substituted thioureas used in this study were prepared by Drs. C. Huebner, J 
Marsh, R. H. Mizzoni, R. P. Mull, D. C. Schroeder, H. A. Troxell, and C. R. Scholz of our 
Chemical Research Division 

The authors wish to thank J. Boyd, T. Gisi, L. Lewis, J. Tanzola, and Miss Leslie Thomp 


son for their technical assistance 


REFERENCES 

Mayer, R. L., P.C., anp Konopka, A.: Antituberculous activity of sub- 
stituted thioureas, Proce. Soc. Exper. Biol. & Med., 1953, 83, 769 

Hursner, C. F., Marsu, J. L., Mizzoni, R. H., R. P., Scuroeper, D 
C., H. A, Scnouz, C. R.: A new class of antitubercular compounds, 
J. Am. Chem. Soc., 1953, 74, 2274 

Donovick, R., McKee, C. M., Jampor, W. P., ann Rake, G.: The use of the mouse in 
a standardized test for antituberculous activity of compounds of natural or 
synthetic origin: II. Choice of mouse strain, Am. Rev. Tubere., 1949, 60, 109 

Rake, G., Jampor, W. P., McKer, C. M., Pansy, F., Wisevoaie, F. Y., anp Donovick 
R.: The use of the mouse in a standardized test for antituberculous activity of 
compounds of natural or synthetic origin: IIL, The standardized test, Am. Rey 
Tubere., 1949, 60, 121 

Ravercn, G. W., anp Youmans, G. P.: The use of mice in experimental chemotherapy 
of tuberculosis: 1. Rationale and review of literature, J. Infeet. Dis., 1948, 82, 
197 

Rateicn, G. W. anp Youmans, G. P.: The use of mice in experimental chemotherapy 
of cuverculosis: IL. Pathology and pathogenesis, J. Infect. Dis., 1948, 82, 205 

Youmans, G. P., and Raveson, G. W.: The use of mice in experimental chemotherapy 
of tuberculosis: IIL. The histopathologic assay of chemotherapeutic action, J 
Infect. Dis., 1948, 82, 221. 

Mayer, R. L.: Recherches sur la chemothérapie des Mycoses et de la Tuberculose, 
Rev. méd. de France, November-December, 1941 


a 
20 
a 
(2 
(4 
(5 
(6 
(7) 
(S) 


ANTITUBERCULOUS ACTIVITY OF SUBSTITUTED THIOUREAS' 
Ill. Activity in Guinea Pigs 
4. KONOPKA, P.C. EISMAN, MAYER, F. PARKER, JR., ano 8. L. ROBBINS 
Received for publication December 21, 1953 


INTRODUCTION 


In previous reports, the antituberculous activity of certain diphenyl thioureas 
in experimentally infected mice was described in detail (1, 2), but only a brief 
account was given of their activity in the guinea pig. The present paper deals 
with the evaluation of these compounds in tuberculous guinea pigs 

The use of mice as test animals for the routine screening of substances for anti- 
tuberculous activity undoubtedly offers many practical advanta ses, particularly 
when applied to large-scale programs. However, a number of workers (3, 4, 5) 
consider the guinea pig as a more realistic and appropriate test object. From a 
clinieal and pathologic standpoint, guinea pig tuberculosis resembles the human 
disease in many respects, for example, in the production and localization of 
tuberculous lesions and in the development of a highly allergic state. Not only is 
this animal highly susceptible to infection by M. tuberculosis, but the course of 
the disease, as revealed by histopathologic examination of the involved organs, 
lends itself to a critical evaluation of the effectiveness of chemotherapeutic agents 
previously selected on the basis of preliminary mouse tests. 

In view of the impressive activities of a number of thiourea derivatives in mice 
infected with either the Ravenel or H37Rv strains of M. tuberculosis, a series of 


experiments were performed in guinea pigs, several of the more active compounds 


being selected for these tests 


METHODS 


Adult, female guinea pigs, ranging in weight between 500 and 600 gm., were injected 
subcutaneously in the left groin with 1.0 ml. of a 1:100 saline dilution of H37Rv culture 
grown for seven days in a modified liquid Kirehner medium (2). Approximately twenty 
three days after infection, the animals were tuberculin-tested (0.1 ml. of al per cent solu 
tion of Old Tubereulin (OT) intracutaneously) and all responded with a strong positive 
reaction. Treatment with the various thioureas was instituted immediately upon the com 
pletion of the tuberculin test with the exception of a delayed therapy experiment hixp 
Bk. 12/19 

Finely ground, standard guinea pig diet containing the test substance previously 
pulverized to 200 mesh particle size was fed ad libitum. This medicated diet was supple 
mented with daily rations of fresh greens and ascorbie acid which was added to the drinking 
water (0.5 me per mil.) on alternate days. At the end of the treatment period all surviving 
animals were sacrificed. The gross organ involvement was determined according to the 
procedure dese ribed by Feldman and Karlson (4, 6) by the assignment of numerical values 
for the spleen, lungs, and liver according to the extent of tuberculous involvement. As 
indieated in the following chart, maximal values of 40, 70, and 100, respectively, were 


given to animals with slight, moderate, and extensive degrees of total organ involvement 


' From the Research Department, CIBA Pharmaceutical Products, Ine., Summit, New 
Jersev: and the Mallory Institute of Pathology, Boston City Hospital, Boston, Massa 
chusetts 


130 


3 
>! 
4 
|| 


ANTITUBERCULOUS ACTIVITY OF SUBSTITUTED THIOUREAS 


MPRICAL EVALU ATI 


Maximum 
Moder ante 


Slight 


In two of the experiments (Exp. Bk. 5/266 and exp. Bk. 12/19 , histopathologic analysis 
of tuberculous involvement was included. A code was adopted to indicate the extent of 
disease observed in the spleen, lungs, and liver, assigning scores of 0, 8, 16, 25, and 33. 
respectively . for the various degrees of severity 

0 = no pathologic involvement 
questionable foci of mononuclear cells or fibroblastic cells not definitely 
creating a granuloma 
rare but definite tubercle formation, or very early tubercle formation with 
out caseation necrosis 
occasional to moderate numbers of tubercles, well formed but with caseation 
necrosis or demonstrable acid-fast bacilli 
many tubercles, confluent tubercles, or tubercles with caseation HeCcrORIB ; 
acid-fast bacilli present 

As in the assessment of mac roscopie involvement, the maximai value obtainable by 


this method of histologic scoring of the three involved organs is approximately 100 


EXPERIMENTAL 


Kxp. Bk. 5/266: Antituberculous activities of selected thiourcas (table 1). 
NHOCSNH 


k 


1380 CHO CLO 
1705 nC, HO nC 

1705 iso-C HO 

1748 iso-C iso-C 

2079 nC NCILCILO 
n-C,H, n-C,H, 

1006 n-C,H, 


Treatment started: twenty-first day post infeetion 


Duration of treatment: 115 days 


As judged by the extent of macroscopic involvement, as shown in table 1, 
all of the compounds, with the exception of Su 1814, demonstrated considerable 
antituberculous activity. At the same dose levels, Su 1705 and Su 2079 exhibited 


activities approximately of the same order as isoniazid. On the basis of the his 


tologic examinations, two of the compounds, Su 1795 (0.2 per cent) and Su 2079 
(0.1 per cent) were particularly noteworthy in that they brought about virtually 
total regression of the tuberculosis and produced results equal to those obtained 
with isoniazid. Indeed, in the organs of the animals treated with these two sub 
stances, there was no residual evidence of caseation necrosis or proliferative 
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TABLE 1 
or or Guinea Pics wirn Turourgas 


AVERAGE MACROSCOPIC AVERAGE MICROSCOPK 
rer INVOLVEMENT*® INVOLVEMENT 
CENT OF NUMBER 
OMPOUSD ONCEN or 
TRATION ANIMALS Site of Total Total 
IN DIET Spleen Lungs Liver Inocu. Involve Spleen Lungs Liver Involve 
lation ment ment 


Su 1380 0.2 13 1.6 2.3 5.4 15 WS O 2.5 1.7 4.2 
0.05 12 5.8 5.0; 6.7 §.8 2.3 0 2.3 3.0 5.3 
Su 1705 0.2 13 16 O88 3.8 15 Ws O 0.6 O 0.6 
0.05 12 5.8 3.3 1.7 1.7 12.5 0 0 0 Ot 
Su 1748 0.2 14 2.1 50 5.0 2.9 15.0 
0.05 4 2.9 §.7 8.6 $6 W7 1.8 2.5 6.7 11.0 
Su 1795 0.2 12 5.8 2.5 5.8 O.8 15.0 0 0 0 0 
0.05 4 7.2 8.6 7.9 1.4 25.0 1.3 2.1 1.1 7.5 
Su Isl4 0.2 13.6 13.6) 10.7 6.4 44.2 8.9/12.5 13.7 35.1 
0.05 13 13.1 13.1 13.5 6.9 46.5 sS.0 8.3 14.2 30.5 
Su 1906 0.1 12 2 4.2) 6.7 2.5 17.5 1.3) 8.3 1.9 3 
0.05 10 2.0 10 60 40 16.0 4.2; 0.3 4.2 8.7 
Su 2079 0.1 15 0.7 2.0 1.3 2.7 6.7 0 O.8 0.3 1.1 
0.05 13 ? of) 1.6 5.8 3.9 18.1 3.3 5.0 7.5 15.8 
Isoniazid 0.1 13 1.5 15 2.3 0.8 6.2 0 0.7 0 0.7 
0.05 13 3.1 3.1 3.1 2.3 11.5 O.4 0 0 0.4 
Amithiozone 0.1 12 2.5 7.5 9.2 §.0 24.2 0 6.6 11.8 | 17.3 
0.05 12 9.2 10.8 12.9 5.0 37.9 106 6.4 14.0 31.0 


~ 
te 
~ 
te 


Untreated 13 
controls 
Pretreatment 5 22.0 0.0 13.0) 10.: 


controls} 


4.6 4.6 18.3) 47.5 


* Macroscopic involvement indices are higher than those obtained by microscopic 


examination because of the inclusion of lesions of nontuberculous origin 


+t Based on evaluation of 3 animals 
t The pretreatment controls were sacrificed at the commencement of therapy (twenty 


first day post infeetion) in order to establish the extent of tuberculous involvement 


tuberculosis. All of the tubercles showed varied stages of healing as evidenced by 
the accumulation of lymphocytes within the granulomatous focus and calcifica- 


tion of the centers of these tubercles. 


Exp. Bk. 12/20: Antituberculous activities of selected thioureas (table 2). 


R—< » NHCSNH > -R 


Su 1705 CHO iso 
Su 1906 nC N(CH 
Su 2358 (HCI) iso-C HO (CH NCH.CHO 


Treatment started: twenty-second day post infection 


Duration of treatment: 60 days 


| 
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TABLE 2 
EVvaLuaTion or THEerRapy with Sececrep Turoureas 


AVERAGE MACROSCOPIC INVOLVEMENT 


PER CENT OF 
COMPOUND CONCENTRATION NUMBER OF 
ANIMALS Site of Total 
IN DIET 
Spleen Lungs Inocu Involve 
lation ment 


0 


Su 1795 


Su 1906 


| 


zo 


Su 2358 


Isoniazid 


= 


Controls 
Pretreatment 


controls* 


* These animals were sacrificed at the commencement of therapy (twenty-second day 


post infection) 


Of the three thioureas tested and evaluated on the basis of macroscopic in- 
volvement, Su 1795 exhibited activities at each of the three dose levels tested 
(0.05, 0.01, and 0.005 per cent). As in the preceding experiment, the effective- 
ness of this substance was comparable to that of isoniazid. Su 1906, except for 
the lowest dose level tested (0.005 per cent), also proved to be effective, whereas 
Su 2358 was active only at the highest concentration used (0.05 per cent). 


Exp. Bk. 12/19: Influence of delayed therapy with Su 1795, Su 1906, and Su 


2079 on guinea pig tuberculosis (table 3). 


> —NHCSNH 
THIOUREAS TESTED 


Su 1795 iso-C HO 
Su 1906 a-C N(CH) 
Su 2079 n-C 


Treatment begun: sixtieth day post infection 
Duration of treatment: 100 days 


Influence of delayed therapy: It is evident from the results presented in table 3 
that, in spite of delaying treatment for sixty days, Su 1795 (0.1 per cent) dem- 
onstrated strong antituberculous activity which approximately equaled that of 
isoniazid, as determined by macroscopic and microscopic examinations. Both 
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Pe 0.05 15 10.0 2.0 1.7 2 
0.01 15 12.0 5.0 7.3 3 
0.005 13 6.9 5.0 6.9 2 

0.05 14 8.0 5.0 23.1 
0.01 13 6.9 26.9 
0.005 55.0 

0.01 13 12.3 12 SOLS 
0.005 12 18.3 M4 57.0 i 

0.01 15 7 27.0 
0.005 15 10.3 10 32.0 

15 18.6 16.0 21.6 9.3 65.0 

5 24.0 10.0 13.0 10.0 57.0 
R, 
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TABLE 3 
Ineivence or Detavev Tuerary wirn Su 1795, Su 1906, ann Su 2079 on 
Guinea Pra 
AVERAGE MACROSC OPT AVERAGE MICROSCOPT 
PER CENT INVOLVEMENT INVOLVEMENT 
wher 
rRATI ANIMALS Site of Total Total 
IN DIET Spleen Lungs Liver Inocu. Involve’ Spleen Lungs Liver Involve 
lation ment ment 
Su 1705 17 1.8 6.5 1.2 18.3 0 0 1.1 
Su 1906 O.1 IS 10.3 12.2 “0.0 3.9 35.4 Not Evaluated 
Su 2070 | 17 6.5 7.0 7.6 6.0 27.1 Not Evaluated 
Isoniazid 0.1 IS 28 5.0 6.1 11 15.0 0 0 0 0 
Controls 17 27.4 | 21.2 24.1 | 10.0 | 82.7 16.3 | 11.5 | 21.9 | 49.7 
Pretreatment 5 35.0 22.0 24.0 10.0 91.0 2.8 25.0 33.3 79.1 


controls* 


* These animals were sacrificed at the commencement of therapy (sixtieth day post 


infeetion 


substances abolished all microscopic evidence of tuberculosis, and only occasional 
foci of lymphocytes in the lungs and liver were detected which undoubtedly repre- 
sented healed tubercles. In a few animals, small foci of scarring and calcification 
were observed in the spleen, probably indicating previous tuberculous inflamma- 
tory foci. The amount of tuberculosis in the pretreatment controls was extensive 
and more marked than that found in the untreated controls. This observation 
was made by both the microscopic and macroscopic appraisals. The microscopic 
differentiation between the two control groups was somewhat greater than the 
macroscopic estimate would indicate and is due to the fact that on gross exam- 


ination areas of scarring were considered as foci of activity. 


Therapeutic Activities of Combinations of Su 1796 with Isoniazid 


or Streptomycin (table 4) 


Treatment started: twenty-seventh day post infection. 

Duration of treatment: 70 days. 

According to the data shown in table 4, the combination of suboptimal doses of 
Su 1795 and of isoniazid or streptomycin resulted in considerably enhanced 


therapeutic effects in guinea pig tuberculosis. 


Toxicity Studies in Normal Guinea Pigs Fed with Diets Containing 
1 per cent and 2 per cent of Su 1796 (table 5) 

Uninfeeted guinea pigs, weighing approximately 600 gm, were divided into groups of 
10 animals each and given, ad libitum, diets containing | per cent and 2 per cent of Su 
1705. On the sixtieth day, the guinea pigs were sacrificed, and spleens, kidneys, livers, 
lungs, and hearts were removed. The organs were weighed and also examined histologically 


for evidence of toxicity 


Microscopic examinations of sections of all of the guinea pig organs gave no 
evidence of toxie changes in the animals treated with the medicated diets. A 
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TABLE 4 
Tuerareutic Activities or ComMRINATIONS oF Su 1795 wrrn 
ISONIAZID OR STREPTOMYCIN 


AVERAGE MAC NVOLVEMPE 


TREATMENT DOSAGE 


Spleen Lungs Liver 


Su 1705 0.005% diet : 10.0 

Isoniazid 0.005% diet 

Combination of both As above 

Su 1795 0.025% diet 

Isoniazid 0.005% diet 

Combination of both As above 

Su 1795 0.005% diet 

Streptomycin 1.0 mg. daily, 
subcuta 
neously 

( ombination of both As above 

Su 1795 0.025% diet 

Streptomycin 1.0 mg. daily, 
subcuta 
neously 

Combination of both As above 


Untreated controls (97 
day s 
Pretreatment controls 


twenty-seventh day 


TABLE 5 
Toxicity or 1 Per Centr anno 2 Per Cent Su 1795 1s Norman Guinea Pros 


ONTROLS 2 PER CENT 
NORMAL DIET su 179 0 179 


Total body weight At start Range 162 SSS 525 710 
zm Average 659 606 609 
At end Range 705 553. 670 442-747 
Average 64 605 578 
Average change in +35 31 
weight 


Organ weights on Spleen Range 5 0.61.1 0.49 1.1 


sixtieth day of Average 
feeding (gm Kidneys Range 1.8-7.0 
Average 5 5S 
Liver Range 28.9 40.0 
Average 27 .: 35.4 
Lungs Range §.! 6.0-7.1 
Average 6.3 
Heart Range 2.0-3.0 
Average 23 
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oF 
ANIMALS | | | Involve 
lation ment 
8.3 16.3 2.5 37.1 
20.8 3.1 
5.0 5.7 2.9 16.8 
5S 14.6 1.7 33.7 
208 19.0 3.1 60.2 
1.7 B, 11.7 
8.3 16.3 2.5 37.1 ; 
11.8 64 15 §2.7 
2.5 1.7 1.7 9.2 
58 14.6 1.7 33.7 
11.8 ° 16.4 1.5 52.7 
6 23.3 8.3 18.3 8.3 63.3 
OS 
1.5-7.8 
5.9 
25.5-36.5 
30.8 
§.1-7.8 
6.2 
2.0-3.9 
3.1 
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minimal! degree of fatty metamorphosis of the liver was infrequently observed in 
the control as well as in the treated groups. Although the degree of infiltration 
of fat may have been slightly greater in the 1 per cent diet group, the extent of 
variation between individual animals within each group is greater than the varia- 
tion observed between groups. Inasmuch as this type of change is of a nutritional 
character, it is probable that the experimental animals consumed less food as 
indicated by their weight loss, and thus developed nutritional deficiencies. On 
the basis of the above findings, it appears that, within the limits of this experi- 
ment, Su 1795 is nontoxic for guinea pigs at the concentrations tested. 


DISCUSSION 


The dita presented in this report support the earlier observations made with 
mice that a number of diphenyl thioureas possess strong antituberculous activity 
in experimentally infected animals. In both mice and guinea pigs, certain of these 
compounds had high activities at concentrations in the diet as low as 0.05 per 
cent. An interesting difference exists, however, between these 2 animals with re- 
spect to the chemotherapeutic action of the thiourea derivatives. As reported in 
an earlier publication, consistent quantitative differences were observed in the 
mouse between the more active thioureas and isoniazid when compared on the 
basis of dosage response. Lsoniazid was considerably more active than any of the 
thioureas as measured by survival time (Ty values). In the guinea pig, however, 
this difference in activity barely exists since the activity of certain thioureas in 
guinea pigs was almost identical to that obtained with isoniazid. It should be 


emphasized, however, that the methods used in analyzing the effectiveness of 
thioureas in both animal species differed in that the principal measurement of 
activity in the mouse was the survival rate, whereas, in the guinea pig experi- 
ments, the measure was associated with the extent of disease involvement present 


at a fixed sacrifice pot 

Another important difference between the mouse and guinea pig data pertains 
to the effects of these antituberculous agents upon the development of pul- 
monary lesions. Thioureas, such as Su 1795 and Su 1906, at optimal doses, were 
capable of eliminating all evidence of active tuberculosis in the guinea pig in that 
microscopic examination revealed no residual evidence of caseation necrosis or 
proliferative tuberculosis. In mice, on the other hand, these same compounds had 
but slight retarding effect upon the development of gross and microscopic lesions. 
Considerable interest has been evoked concerning the significance of these dif- 
ferences in the response by infected mice and guinea pigs to treatment with anti- 
tuberculous agents. The practical question of how they reflect upon the clinical 
usefulness with regard to the thioureas has yet to be determined. 

The emergence of drug-resistant strains of tubercle bacilli has played a great 
role in many of the discussions pertaining to the chemotherapy of antituberculous 
agents. It is a generally accepted fact that the relative ease with which resistant 
strains emerge after contact with streptomycin or isoniazid, either in the test 
tube or in the human host, constitutes a serious problem in the treatment of 
tuberculosis with these substances. With respect to the thioureas, it was found 
that resistant strains develop in vitro with greater difficulty. Indeed, a greater 
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number of transfers of the organism through broth containing thioureas were 
necessary before obtaining an appreciable degree of resistance than was the case 


with streptomycin or isoniazid, although it should be noted that the initial sus- 
ceptibility of MW. tuberculosis to the thiourea derivatives is much less than that 


exhibited toward streptomycin and isoniazid. 

Despite a number of attempts to isolate resistant strains from infected mice 
treated with the various thioureas, none were obtained. This observation may 
not be too surprising, however, since it is also rare to obtain resistant tubercle 
bacilli from infected mice treated with either streptomycin or isoniazid. 

/n vitro cross-resistance studies revealed that strains of H37Rv made resistant 
to thioureas were highly susceptible to streptomycin, para-aminosalicylic acid, 
and isoniazid, but exhibited cross-resistance to amithiozone. This indicates that 
either the thioureas and thiosemicarbazones act by virtue of a common, directly 
active chemical component or that the biologic attack upon the tubercle bacillus 
by both classes of compounds is identical. 


SUMMARY 


Seven of eight | ,3-diphenyl thiourea derivatives, selected on the basis of their 
antituberculous activities in mice, have been shown to exert suppressive effects 
on the course of the disease in experimentally infected guinea pigs. 

When therapy was delayed for sixty days after infection, Su 1795 (4-ethoxy-4’- 
isobutoxythiocarbanilide) was capable of virtually abolishing all microscopic 
evidence of active infection in the treated guinea pigs. 

Combinations of suboptimal concentrations of Su 1795 and isoniazid or strep- 
tomycin resulted in considerably enhanced therapeutic effects. 

Histologic examination of the organs of normal guinea pigs fed for sixty days 
with a diet containing 2.0 per cent of Su 1795 failed to demonstrate evidence of 
toxicity. 

SUMARIO 


Actiridad Antituberculosa de las Tioureas Substituidas: 111, Actividad en los Cobayos 


Siete de ocho derivados de la 1,3-difenil-tiourea, escogidos a base de su actividad anti 
tuberculosa en los ratones ejercieron, segdn se observ6, electos supresores sobre la evolu 
cién de la dolencia en cobayos infeetados experimentalmente 

Cuando se demoré la terapéuticea hasta sesenta dias después de la infeccién, el Su 1795 

se mostré capaz de abolir virtualmente todo Signo 
microseopico de infeecién activa en los cobayos tratados 

Las combinaciones de concentraciones subéptimas de Su 1795 y de isoniacida o estrepto 
micina dieron por resultado efectos terapéuticos considerablemente mayores 

kl examen histolégico de los é6rganos de cobayos normales alimentados durante sesenta 
dias con un régimen dietético que contenia 2.0 por ciento de Su 1795 no reveld signos de toxi- 


cidad 
RESUME 
Activité antituberculeuse des thio-urées substituées: III. Activité chez le cobaye 


Parmi buit dérivés 1,3-diphény! thio-urée, dont la sélection était fondée sur leur pouvoir 
antituberculeux chez la souris, sept ont fait preuve d'une action suppressive sur le cours de 


affection chez le cobave tuberculisé 


| 
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Aprés un délai de soixante jours A la suite de l’inoeulation, le traitement par le Su 17% 
éthyoxy 4-isobutoxythiocarbanilide) était capable de supprimer virtuellement tout signe 
histo-pathologique d’infeetion chez les cobayes traités 
Les associations de concentrations sous-optima de Su 1795 et d’isoniazide ou de strepto 
mycine ont produit un renforeement de l'action thérapeutique 
L’examen histologique des organes de cobayes soumis pendant soixante jours A un régime 
contenant 2 pour cent de Su 1705 n'a révélé aucun signe de toxicité 
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INTRODUCTION 


The differentiation between activity and inactivity in tuberculosis is a difficult 
problem. A step forward toward its solution has been achieved with the applica 
tion of the Middlebrook and Dubos hemagglutination test. In facet, most of the 
data accumulated in the literature suggest that this test has considerable value. 
Nevertheless, it remains to be proved that the test is specific for tuberculosis 
Most of the compiled data are in favor of its specificity but not all of the data for 
positive reactions have been observed in a 1:8 dilution in healthy subjects. 
Smith and Scott (1) found 3 per cent of positive results among healthy subjects 
with a negative tuberculin reaction. It has also not been shown that the test can 
differentiate activity from inactivity in tuberculosis. 

Almost all writers agree that positive hemagglutination reaction in a 1:2 
dilution does not imply activity of a tuberculous process because the serum of 
patients with old, treated tuberculosis may give a positive reaction in this dilu- 
tion. 

Peterson and associates (2) believe that the hemagglutination reaction is of 
little value both in following the evolution of a tuberculous process and in the 
differential diagnosis between activity and inactivity in a particular infection, 
Smith and Scott (1) had noted a fall in titer or a reversal of the reaction in chronic 
forms of tuberculosis and in instances of the disease with a severe prognosis. 
In the first instance, these writers suggest that the hemagglutinins are lacking 
because there is not enough antigenic stimulation from the cured tuberculous 
lesion. In the latter instance, it is suggested that the antibodies are neutralized 
by substances released from the rapidly growing bacteria. Kirby and co-workers 
(3), Peterson and his associates (2), Sohier and Termberger (4), and Lugentini 
and Boisvert (5) share the same views. 


The present study has been designed in an attempt to answer some of the 


above questions. The Middlebrook and Dubos hemagglutination test has been 
investigated in 340 patients treated at the Children’s Clinie of Athens Univer- 
sity. 


MATERIALS AND METHODS 
Hemagglutination technique: The Smith and Scott modification of the Middlebrook 
Dubos technique was used in the present study 
Vaterial: Two hundred and twenty-nine patients with tuberculosis and IIL control 
subjects (healthy persons with negative tuberculin reactions) have been examined with 


' From the Pediatrie Clinie of Athens University, Athens, Greece 
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the Middlebrook and Dubos hemagglutination test. The 229 tuberculous patients had the 
following disease 
25 patients with positive tuberculin reaction without clinical symptoms 
42 patients vaccinated with BCG 
162 patients with tuberculosis of various types, i.e., 
6 with miliary tuberculosis 
: 90 with tuberculous meningitis 
with tuberculosis of the mediastinal lymph nodes 


f 15 with pleurisy 

2 2 with osteoarthritis 

ib 2 with erythema nodosum 

te 3O with primary complex 

; 12 with subsiding adenitis 

As may be seen in table 1, in the 111 nontuberceulous patients, the serum 
hemagglutination reaction as a rule was negative. Indeed, the reaction was posi- 
tive in only 2 patients and then only in a 1:2 and 1:4 dilution, respectively. 
Of 25 patients with positive tuberculin reactions, but no other evidence of 
disease, the hemagglutination reaction was positive in 15. The reaction was pos- 
itive in a 1:2 dilution in 2 patients, and in a 1:4 dilution in 4 patients. In the 
2 remaining 10 patients, the hemagglutination reaction was negative. 

i Of 42 BCG-vaccinated persons, the hemagglutination reaction was positive in 

31 and negative in 11. 

Finally, in 162 tuberculous subjects, the hemagglutination reaction was posi- 
tive in 158 (97.54 per cent) and negative in the remaining 4 (2.4 per cent). The 
dilution titers and the percentage proportion of the positive reactions in the 
various forms of tuberculosis may be seen in table 1. 

Comment: It is obvious from the above data that the hemagglutination reac- 
- tion is the one of choice in tuberculous infections. The fact that the lowest per- 
r centage of negative reactions occurred in tuberculous patients (2.4 per cent) 


supports fully the above viewpoint. 

The fact that, in a total of 450 tests applied in the beginning, as well as during 
the course of the 90 cases of tuberculous meningitis, no negative reaction was 
encountered is in agreement with this viewpoint. The reversal of the reaction to 
negative observed in 15 cases occurred either in patients who had shown recovery 
by clinical and laboratory criteria or in patients whose state worsened consid- 
erably. 

Could the hemagglutination reaction in general and, more specifically, the 
titer of the hemagglutination serve as a criterion in the differential diagnosis of an 
. active infection from an inactive one, or from a clinically cured tuberculous in- 


fection? 

This question is obviously the most interesting, and the specific value of the 
method has been based on its use in the differential diagnosis between active 
and inactive cases. 

The conclusions drawn from the results obtained in the various forms of tuber- 
culous infection and, more specifically, during the course of tuberculous meningitis, 
as they appear in the tables and figures, permit a somewhat limited affirmative 
answer. The present writers believe that the activity of tubercle bacilli is re- 
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Fig. 1. Agglutination titer: (1) in patients with tuberculosis; (2) in patients who have 


recovered from tuberculosis; (3) in nontuberculous subjects 


flected, to a certain extent, in an increase of the hemagglutination titer. More- 
over, the facts that, in patients with only a positive tuberculin reaction, the per- 


centage proportion of negative titers appears considerable (40 per cent) and that 


there is a relative increase of the negative titers in fully recovered tuberculous 
meningitis patients are in support of this viewpoint. 

Average value of hemagglutination reaction related to severity of tuberculosis: In 
figure 1, the average value of the hemagglutination titer is related to the severity 
of the tuberculous infection and, as may be seen, the correspondence is close. 
Thus, the highest hemagglutination titer (corresponding to 1:16 dilution or more, 
or to an average value of 19.33) was found in miliary tuberculosis; whereas the 
lowest titer (corresponding to 1:2 dilution or lower and to an average value of 
1.6) was observed in persons whose sole evidence of infection was a positive 
tuberculin reaction, 

Next in order to miliary tuberculosis comes tuberculous meningitis. The latter 
shows at its peak an average value of 16.26, whereas the percentage proportion 
of the titer dilutions above 1:8 comes to 86.3 per cent. The hemagglutination 
titer has been found to be high in the presence of mediastinal lymphadenitis, with 
an average hemagglutination titer value of 12 and a dilution percentage propor- 
tion of more than 1:8 of 80 per cent. In pleurisy, the average hemagglutination 


* The average value of the hemagglutination titer in a given group of sera is the sum 
of agglutinating units divided by the number of specimens. The agglutinating unit is the 
amount of antibody required to produce a positive reaction in this test, i.e., when a serum 


has an agglutinating titer of 1:64, it contains 64 units (6 
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titer value was 9.2 and the percentage proportion of patients with a titer above 
1:8 dilution, 66.67 per cent. 

A definite difference was found between clinically evident adenitis, with an 
average hemagglutination titer of 6.83 (and a percentage proportion with a titer 
above 1:8 dilution of 53.28 per cent), as compared to the subsiding forms of 
the disease. In the latter, the percentage proportion titer above 1:8 was 8.39, 
whereas the hemagglutination titer average value was 3. 

No hemagglutination titer above 1:8 dilution was found in persons whose sole 
evidence of tuberculosis was a positive tuberculin reaction. The explanation of 
this phenomenon might be that in this phase of the disease a decrease of anti 
bodies occurs, probably because there is no considerable antigenic stimulation 
on the part of the tuberculous lesions. 

A fall and reappearance of the hemagglutination reaction (6 cases) has been 
observed in very severe infections and even immediately before death. The 
present writers agree with Scott and Smith (1) that, in these cases, the anti 
bodies are presumably eliminated by factors produced by the fast-growing bac 
teria. 

Behavior of reaction at various stages of meningitis: It has been possible in the 
meningitis cases to consider more specifically the behavior of the hemagglutina 
tion reaction at various stages of the disease because of the greater length of time 
the patients with meningitis remain in the Clinic. The conclusions drawn are in 
support of the viewpoint that the hemagglutination titer is influenced by the 
course of the disease. The test has been repeated throughout the course of the 
first eight months of the disease, during which period 450 tests were made. In 
65 instances, the reaction was repeatedly studied until the patients were dis 
charged from the hospital; in 15 patients the titer was again determined at some 
time after discharge 

The results are recorded in tables 2 and 3 and are illustrated in figures 2, 3, 
t, and 5. The hemagglutination titer percentage proportions of all tuberculous 
meningitis patients are illustrated in table 5. In figure 2 is shown the dilution 
titer percentage proportion of the above 1:8 dilutions and of those below 1:4 in 


rABLE 2 


Peacentace Prorortion of Trrek Dunine tHe Various Puases oF 


Dilutions 1:2 1:4 1:8 4:86 1:32 1:64 1: 128 


Number Number Number Number Number Number Number imber 
of Re of Re of Re of Re of Re of Re of Re ft Re — 
PHASE OF DISEASE actions actions actions actions actions actions actions act —_— 
Per Per Per Per Per Per Per Per 


Cent Cent 


Onset of disease 00 9 (@.18) 22 (22.44) 27 (27.55) 26 (26.53) 11 (11.22) 3 (3.18 s 
Peak of dixense (1.18) 32 (12.50) 100 (30.06) 78 (90.46) 30 (11.72) 10 w 1.18 25 
Recovery 17 (25.38) 14 (20.89) 16 (23.88) 16 (23.88) 4 (5.97 67 


Check of titer after re 
covery 


Worsening 


PC Cent Cent Cent Cent Cent ( 
FY 4 (28.57) 2 (14.20) 6 (42.85 2 (14.29 4 


CHOREMIS AND ANASTASEA 


TABLE 3 
PeRcentace Proportion or THE DituTion Trrers 
(Above the 1:8 Dilutions and Below the 1:4 Dilutions in the Various Phases of Tuberculous 
Meningitis in 90 Cases—-Total of Tests, 450) 


PHASES OF DISEASE ABOVE THE DILUTION 1:8 BELOW THE DILUTION 1:4 


per cent 
Onset of disease 31.52 
Peak of the disease >. 3: 13.68 
Recovery 29.8! 70.15 
Check of titer 1-2 months after recovery 100 
Worsening 2 85.71 


14 patients with tuberculous meningitis with fortnightly determinations and 
which had « four months’ course. The variation of the average value for the 
hemagglutination titer in the same patients studied fortnightly is given in figure 
1. In figure 5, the most representative curves of the course of the hemagglutina- 
tion reaction throughout the disease are illustrated. 

The cerebrospinal fluid of 30 patients with tuberculous meningitis was also 
studied, and it was not possible to demonstrate the presence of hemagglutina- 
tion antibodies in any of the fluids. 

As may be seen in the figures and tables, at the onset of the disease a dilution 
titer higher than 1:8 was present in 68 per cent of the patients and the average 
titer value was 13.34. During the course of the disease, the percentage of high 
titers increased to 86.3, with an average titer value of 16.26. Finally, during the 


period of recovery, as judged by clinical and laboratory criteria, the percentage 
of patients with titers above 1:8 fell considerably to 29.85, with a 4.22 average 


titer value. 

As a rule, the titer proved low in these patients who were discharged from the 
Clinie after recovery and later were readmitted for follow-up observations. In 
these, the percentage with titers above 1:8 was zero, with 0.8 average titer value. 
Repeated determinations of the hemagglutination is of importance in the very 
grave forms of the disease. In only 2 of the 10 seriously ill patients whose serum 
was examined was there a titer above the 1:8 dilution. 

Comment: The behavior of the hemagglutination reaction during the course of 
tuberculous meningitis was in further support of the conclusion stated above, 
that a considerable connection exists between the hemagglutination titer and the 
degree of activity of the tuberculous infection. 

From a comparison made of the positive reactions which were obtained in the 
present study and the clinical and other observations on the patients, it appears 
that positive reactions in titers of 1:2 and 1:4 do not support the diagnosis of 
active tuberculosis since they also appear in patients with simple positive tuber- 
culin reaction. Likewise, patients with titers above 1:8 can be considered to have 
an active tuberculous process. In fact, a positive hemagglutination test with a 
titer above 1:8 was found principally in active tuberculous infection. In such 
cases, the percentage with only a 1:4 titer was relatively small. 

Only 53 of 162 patients with active tuberculosis showed a hemagglutination 
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Fig. 2. Percentage of dilution titers Fic. 3. Percentage of dilution titers: 
during the different phases of tuberculous (1) above 1:8; (2) below 1:4, at fifteen- 
meningitis day intervals in 17 cases of tuberculous 
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Fig. 4. Variation of agglutination titer Fic. 5. Curves showing agglutination 
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at fortnightly intervals in 17 patients with — titers at fifteen-day intervals in 3 cases of 
tuberculous meningitis who recovered in tuberculous meningitis 
four months. 


titer below 1:8 and these were chiefly instances of primary complex or subsiding 
adenitis. Of 354 tests made during the course of tuberculous meningitis before 
recovery, only 66 (18.64 per cent) gave a hemagglutination titer below the 1:8 
dilution. 

A high dilution titer in patients with a history of treated tuberculosis was 
found only when the recovery was recent. The lowering of the titer runs parallel 
to the course of the disease. This became clear during the follow-up of the pa- 
tients with tuberculous meningitis who had a high titer during the immediate 
period of recovery and a lower titer in the months thereafter. 
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\fter recovery from tuberculous meningitis, while the tuberculin reaction re- 
mained positive, the hemagglutination reaction fell in titer or disappeared al- 
together. It is believed that this phenomenon may be explained by a difference 


in the mechanism of the two reactions. 


SUMMARY 


The hemagglutination reaction test is specifie for tuberculosis and therefore 
constitutes a useful tool in the diagnosis of the disease. The hemagglutination re- 
action is positive in higher titer when the tuberculous process is active, so the 
test may, with certain limitations, serve as a proof of the seriousness of the dis- 

In the present study, the highest hemagglutination titers were obtained in 
miliary tuberculosis and the next highest occurred in tuberculous meningitis. 
In other forms of tuberculosis, the height of the titer appeared to depend on the 
severity of the disease. The titer was low during recovery, as judged by clinical 
or laboratory criteria, and was likewise low during periods shortly before death. 

The present writers observed a somewhat parallel course between the hemag- 
glutination reaction and the tuberculin reaction. When comparing the course of 
the tuberculin reaction with that of the hemagglutination reaction, the former 
(already high at the beginning of the disease) increased still more with the im- 
provement of the patient's condition and remained high until recovery. On the 
contrary, the hemagglutination reaction, rather low at the beginning of the dis- 
ease, increased gradually until it reached a peak in the middle of the disease and 
then gradually decreased and sometimes disappeared completely when recovery 
occurred, [t is only in very severe cases that both the tuberculin and the hemag- 


glutination reactions behave in the same way, that is to say, they both decrease 


or disappear. 


SUMARIO 


La Aplicacién de la Prueba de Hemaglutinacién de Middlebrook-Dubos en la 
Tuberculosis de los Niios 


La reaceién de hemaglutinacién de Middlebrook-Dubos es especifica para la tuberculosis 
y constituye, por lo tanto, un instrumento dtil en el diagnéstico de la enfermedad. 

Dicha reaccién parece ser més intensa en la tuberculosis activa, de modo que, con ciertas 
limitaciones, puede servir de prueba de la gravedad de la dolencia 

I] titulo més alto de hemaglutinacién corresponde a la granulia, viniendo después la 
meningitis tuberculosa. En otras formas de tuberculosis, la magnitud del titulo depende de 
la gravedad de la afeecién 

I] titulo es bajo durante la reposicién eliniea o de laboratorio asi como durante los perio 
dos de agravacton de la dolencia 

La hemaglutinacion y la reaccién a la tuberculina mostraron una evolucién algo paralela 
Al compararlas, la primera, ya alta en la iniciacién de la enfermedad, sube todavia mas al 
mejorar el estado del enfermo y permanece alta hasta la curacién. Por el contrario, la se 
gunda, algo baja en la iniciacién de la enfermedad, sube gradualmente hasta llegar a una 
cumbre a mediados de la enfermedad, bajando después gradualmente y a veces desapare 
ciendo del todo cuando ocurre la curacién. Sélo en los casos muy graves es que tanto la 
reaccion a la tuberculina como el titulo de la hemaglutinacién se comportan del mismo 


modo es deer, que ambos disminuyen o desaparecen 


HEMAGGLUTINATION REACTION IN CHILDREN 


RESUME 


L’application du test d'hémagglutination de Middlebrook-Dubos dans la 
tuberculose de Uenfant 


Le test d’hémagglutination de Middlebrook-Dubos est spécifique pour la tuberculose, 
en conséquence, il constitue un instrument utile dans le diagnostic de cette affection 

La réaction d’hémagglutination est plus accentuée dans la tuberculose en activité, aussi, 
compte tenu de certaines limitations, elle permet d’apprécier la gravité de la maladie 

Le titre d’hémagglutination le plus élevé s’obtient dans la miliaire et le titre immédiate 
ment au-dessous dans la méningite tuberculeuse. Dans les autres formes de la tuberculose, 
l'importance du titre d’hémagglutination dépend de la sévérité de l’affection 

Le titre est faible pendant les périodes of la guérison se manifeste tant cliniquement que 
par les résultats des examens de laboratoire; il en est de méme pendant les périodes d'ag 
gravation de la maladie 

Les auteurs ont observé un certain parallélisme entre ’hémagglutination et la réaction 
A la tubereuline. Quand on compare |’évolution de la réaction A la tuberculine a celle de 
Vhémagglutination, la premiére, déja forte au début de la maladie, augmente encore avec 
l'amélioration de l'état du malade et son degré demeure élevé jusqu’d la guérison. Au con 
traire, la seconde réaction, qui est plutét faible au début de l’affection, augmente graduelle 
ment, atteint un sommet pendant la phase moyenne de l’évolution et décroit progressive 
ment pour disparaitre parfois complétement quand la guérison survient. Ce n'est que dans 
les cas trés sévéres que la réaction A la tuberculine et Uhémagglutination se comportent de 
lan méme maniére, c'est A dire que toutes deux décroissent ou disparaissent 
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INTRODUCTION 


M. tuberculosis is difficult to culture from urine specimens even under favor- 
able conditions. Delays in the diagnosis of renal tuberculosis sometimes result 
from this fact, with serious consequences to the patient. If the methods for 
culturing tubercle bacilli from the urine become even less sensitive once chemo- 
therapy is started, ‘false negative’’ results might create the impression that the 
renal infection had been arrested and lead to premature cessation of treatment. 
Accurate knowledge of the bacteriologic status of the patient is especially im- 


portant in genitourinary tuberculosis since urological foci can discharge tubercle 
bacilli into the urine for years without causing any symptoms (1). Indeed, ap- 
proximately one-half of the patients seen by the writers had no urinary symp- 


toms despite the presence of active genitourinary lesions. 

In routine medical practice, urine cultures are obtained only at long intervals, 
making it difficult to define the accuracy of the methods for culturing MW. tuber- 
culosis from urine. In contrast, at the Research Unit for Genito-Urinary Tuber- 
culosis, the routine procedure is to culture three 24-hour urine specimens from 
every patient every two weeks on media appropriate for tubercle bacilli. During 
1952, the total number of urine specimens examined was 1,564, and the total 
number of specimens cultured for M. tuberculosis was 4,692, thus providing an 
excellent opportunity to study the reliability of cultures under various condi- 
tions. 

During the past few years it seemed that the recovery of M. tuberculosis from 
the urines of patients receiving chemotherapy was not as high as could be an- 
ticipated from the clinical appearance of the lesions. A survey of a large number 
of cultures also gave the impression that there was an immediate drop in the 
numbers of cultures positive for tubercle bacilli just after therapy was started. 
A similar impression that during treatment there was a decrease in positive cul- 
tures and guinea pig inoculations has been stated by Liunggren (2). 

It seemed important, therefore, to investigate the influence of the administra- 
tion of antituberculous drugs upon the excretion of culturable tubercle bacilli 
in the urine. The present report is based on a study of 1,194 urine cultures from 
6 men with renal tuberculosis before, during, and immediately after chemo- 
therapy. Five of the 6 patients received isoniazid and the other patient re- 
ceived isoniazid, streptomycin, and para-aminosalicylic acid (PAS). The total 
duration of treatment for each patient was twelve months. 


' From the Microbiology Section, Laboratory Service, and Research Unit for Genito 
Urinary Tuberculosis, Veterans Administration Hospital, Bronx, New York; and the 
Squier Urological Clinic, Columbia University College of Physicians and Surgeons, New 
York, New York. 
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MATERIALS AND METHODS 


All urine specimens represented 24-hour collections voided directly into sterile flasks 
without the use of any chemical preservative Three consecutive specimens were collected 
every two weeks, except when therapy was interrupted, during which times 24-hour urine 
specimens were collected daily. The specimens were flocculated with | to 2 ec. of 23 per 
cent solution of trisodium phosphate for every 100 ml. of urine, and sedimented overnight 
in a slanted position. An equal volume of 23 per cent trisodium phosphate was added to 
the sediment, and the mixture was shaken and digested for sixteen hours at 37°C. It was 
next centrifuged, and the sediment was neutralized to pH 6.8. The concentrate was then 
cultured on three tubes, one of Lowenstein-Jensen (3), one of Petragnani (4), and one of 
American Trudeau Society (5) medium. The cultures were observed for eight weeks before 


being discarded as sterile 


RESULTS 


Three hundred and ninety-eight specimens of urine, representing a total of 
1,194 cultures, were studied. Among the 398 cultured specimens, 149 were col- 


lected when the patients were receiving no antimicrobial therapy, and 249 were 


collected while the patients were receiving such therapy. Of the 149 specimens 
collected when no chemotherapy was being given, 49 (42.9 per cent) were posi- 
tive for M. tuberculosis. This total of 149 specimens represented specimens ob- 
tained both before and after therapy. A subdivision of this total into two groups 
(table 2) showed that, of 93 specimens collected before antimicrobial therapy, 
38 (40.9 per cent) were positive for M. tuberculosis. Among 56 specimens col- 
lected after drug treatment was stopped, only 11 (19.6 per cent) were similarly 
positive, 

In contrast to these findings, of 249 specimens (representing 747 cultures) 
collected during drug therapy, only 7 (2.8 per cent) were positive for MW. tuber- 
culosis (figure 1, table 1). All of these positive cultures (2.8 per cent) were ob- 
tained from the same patient. This low percentage of recoveries became even 
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NEGATIVE 
CULTURES 


POSITIVE 
CULTURES 


PERCENTAGE POSITIVE 


Fria. 1. Urine cultures for WM. tuberculosis. Urine cultures collected during treatment 
were rarely positive. Three hundred and ninety-eight specimens obtained from 6 patients 


with renal tuberculosis were studied 
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TABLE 1 


Urine Cuvrures ror M. During TREATMENT CoMPARED wirn 
CULTURES OBTAINED IN THE ABSENCE OF TREATMEN? 


DURING TREATMENT DURING TREATMENT 


(MBER 


Positive Negative Negative 


14 (93.4% 20 20 (100.0% 
20 (71 100.0% 
IS (72.0%) 9 A 100.0% 
37 he 37 (100.0% 
27 (73.09 10 100.0% 
10 1%) 65 J (89, 2% 


Totals SUS 1440 100 240 Lh 7.29, 


A total of 49 specimens (32.9 per cent) were positive for M. tuberculosis while the pa 
tients were not on treatment in contrast to only 7 specimens (2.8 per cent which were 
similarly positive during treatment. All seven positive cultures were obtained from the 


same patient 


TABLE 2 
Urine Cucrures ror M. Turnereviosis Oprarineo Waite Patients Were Receivina 
No CHEMOTHERAPY 


GRAND HEPORE TREATMENT APTER TREATMENT 
TOTAL OF 
SPECIMENS 
WHILE OFF 
TREATMENT 


Total 
Positive Negative Speci Negative 
mens 
1 (14.3%) (85.7% (0.0% S (100.0% 
S (80.0%) 2 (2 (0.0%) IS (100.0% 
7 (36.8%) 2 (63.2% j (0.0% 6 (100.0% 
9 (583.0%) 7.0% : (0.0% 3 (100.0% 
8 (25.8%) 23 (74.2% ; 2 (33.3%) 4 (66.7% 
5 (55.6% he (60.0% 6 (40.0% 


Totals 19 38 (40.9% (5 0) 11 (19.6% 5 (80.4% 


A total of 38 specimens (40.9 per cent) were positive for M. tuberculosis before treatment, 
while only 11 (19.6 per cent) were similarly positive after treatment was terminated. Four 
of the 6 patients have had no positive cultures in the six months since treatment was 


terminated 


more significant when the individual charts of the 6 patients were analyzed. 
All of the 6 patients had excreted culturable tubercle bacilli at some time before 
drug treatment was started. In 3 of the 6 patients, cultures positive for tubercle 
bacilli had been obtained as recently as one week before chemotherapy was 
started. In 5 of the 6 patients, cultures of the urine negative for tubercle bacilli 
were obtained a few days after chemotherapy was started. The urine of the sixth 


patient was not cultured until several days later, at which time it too was nega 


tive for VW. tuberculosis. 


GRAND 
SPECI Tota Total 
MENS Speci 
mens mens 

44 15 | (6.6% 

2 S7 2s 8 (28.6% 

3 74 25 7 (2.0% 

aT 20 9 (415.0% 

5 17 37:10 (27.0% 

6 Su 244 14 (58.4% 

15 7 

2 2s 10 

3 25 19 
17 
5 37 31 
6 24 0 
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BEE 


NEGATIVE CULTURES CULTURES WERE RARELY POSITIVE DURING 
TREATMENT (CASE 6) GUT REFRACTORY CASES AGAIN 
BECAME POSITIVE AFTER TREATMENT WAS STOPPED 
POSITIVE CULTURES BECOME 


Fig. 2. Urine cultures for M. tuberculosis from 6 patients with renal tuberculosis before, 


during, and after isoniazid treatment 


The percentage of “positive” cultures before, during, and after treatment is 
presented for each patient in figure 2, in three columns. This figure shows that, 
with the first 4 patients, cultures positive for tubercle bacilli were obtained only 
before treatment. The results were different with patients Nos. 5 and 6. Patient 
No. 5, whose urine cultures were positive for M. tuberculosis in 28.8 per cent of 
the examinations made before therapy, excreted no culturable bacilli during 
therapy. Once drug therapy was stopped, his urine was again positive for tubercle 
bacilli in 33.3 per cent of the cultures obtained. Patient No. 6, from whom cul- 
tures positive for tubercle bacilli were obtained in 55.6 per cent of the urine 
specimens studied before drug therapy, had 10.8 per cent “positive” urine cul- 
tures during treatment. After drug treatment was stopped, 60 per cent of this 
patient’s urine specimens which were cultured for tubercle bacilli were positive. 
cultures of the post-treatment period were ob- 


In patient No. 5, the ‘positive’ 
tained on specimens collected on the fifth and seventh days after cessation of 
therapy. In patient No. 6, the specimens were found to be positive for tubercle 
bacilli in cultures obtained on the second, third, fourth, sixth, seventh, eighth, 
tenth, eleventh, and twelfth days after treatment was stopped. 


COMMENT 


The study of 93 specimens collected before treatment from known tuberculous 
patients (representing 189 cultures) confirmed the fact that, at best, 1. fuber- 
culosis is difficult to isolate from the urine. Only 40.9 per cent of the urine cul- 
tures from 6 patients with known renal tuberculosis were positive for WM. tuber- 
culosis under favorable conditions. When tubercle bacilli were isolated before 
drug treatment, the majority of the strains showed a relatively heavy growth, 
thus suggesting intermittent excretion of the bacilli by the patients rather than 
faulty laboratory technique. 

The consistent results obtained during the “off-treatment” periods seemed to 
emphasize the considerably lessened sensitivity of the cultural method when the 
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patients were receiving isoniazid therapy. As a matter of fact, only 2.8 per cent 
of the 249 specimens obtained during treatment (747 cultures) were positive for 
tubercle bacilli. 


As “positive” cultures were obtained only before treatment in the first 4 
patients, the explanation of the sterile cultures throughout the entire treatment 
period might have been due to a rapid arrest of the tuberculous process rather 
than to the presence of drugs in the urine. This is unlikely, since many months 
of chemotherapy are usually necessary to result in arrest of renal tuberculosis. 
It seems more likely, therefore, that the “negative” cultures resulted either from 
temporary influences of the drug on bacilli in the lesion or the actual presence of 


the drug in the urine. 

A different pattern was observed in patients Nos. 5 and 6. In both patients 
there was a common feature, namely, that the organisms could be recovered 
with ease shortly after therapy had been stopped. The difference in the patterns 
of these 2 patients lay in the fact that 10.8 per cent of the specimens cultured 
during therapy from patient No. 6 were positive for tubercle bacilli. The clinical 
picture in this patient was one of severe renal and prostatic infection, with a 
heavy bacilluria which was reflected in more than 50 per cent of ‘positive’ 
cultures before and after treatment. These facts could have accounted for the 
occasional “positive” cultures obtained during the treatment. Even in this case, 
however, as many as 22 successive “negative” cultures were obtained between 
two “positive” cultures, so that, with a less intensive and prolonged study, the 
cultures positive for tubercle bacilli might have been missed. 


SUMMARY 


One thousand one hundred and ninety-four urine cultures for MW. tuberculosis 
were obtained before, during, and after one year of isoniazid treatment on 6 


patients with bacteriologically proved urinary tuberculosis. Of the specimens 
obtained before treatment, 40.9 per cent were positive for M. tuberculosis on 
culture but, during treatment, only 2.8 per cent of the urine specimens were 


similarly positive. After treatment was terminated, culturable tubercle bacilli 
reappeared in the urine of 2 patients, with the percentage of positive cultures 
rising to pretreatment levels within ten days after the suspension of treatment. 

The present study indicates that there is danger in relying on urine cultures 
collected during isoniazid therapy in the sense that sterile urine cultures during 
therapy do not necessarily reflect permanent arrest of the renal tuberculosis. 
It appears that a waiting period of ten days after the cessation of therapy is 
necessary before urine cultures are reliable in determining the true bacteriologic 
status of patients with urogenital tuberculosis. 


SUMARIO 


Inconstancia de los Urocultivos para el M. Tuberculosis Durante la Quimioterapia 


Een 6 enfermos que tenian tuberculosis urinaria bacteriolégicamente positiva, obtuvié 
ronse mil ciento noventa y cuatro urocultivos en busea del VM. tuberculosis antes, durante, 
v después de, un afio de isoniacidoterapia 
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Un 40.9 por ciento de los eultivos para MV. tuberculosis fueron obtenidos antes del trata 
miento,; durante el tratamiento, sélo 2.8 por ciento de los eyemplares urinarios fueron “posi 


tivos”’; después de terminar el tratamiento, 2 enfermos “‘reviraron”’ a positivos, elevandos 


el porcentaje de cultivos positivos a las cifras anteriores al tratamiento en término de diez 


dias a partir de la suspension del tratamiento 

este estudio parece indiear jue es peligroso atenerse a los urocultivos recogidos durante 
el tratamiento con isoniacida, es deeir, que los cultivos urinarios negativos para MW. tubereu 
losis durante la tet ipeutica ne denotan forzosamente «jue los enfermos estén curados 
Parece que se necesita un pe riodo ce espera de diez dias después de terminar el tratamiento 
intes de que los urocultivos se vuelvan de nuevo fidedignos para determinar el verdadero 


estado bacteriolégico de los sujetos que tienen tuberculosis urogenital 


RESUME 


Les cultures de Curine pour la recherche du M. tuberculosis ne sont pas valables 


durant la chimiothe rape 


Onze cent quatre -vingt-quatorze cultures d’urine pour Visolement du M. tuberculosis 
ont été obtenues avant traitement, au cours du traitement et aprés un an de traitement par 
lisoniazide. chez 6 malades atteints de tuberculose des voies urinaires bactériologiquement 
positive 

Avant le traitement, les cultures positives pour VW. (uberculosis atteignaient 40, 9 pour 
cent; au cours du traitement, les pérélvements d’urine ont donné un pourcentage de cultures 
positives de 2,8 pour cent seulement; aprés la fin du traitement, les cultures sont redevenues 
positives dans 2 cas. Le pourcentage de cultures positives pour le VM. tuberculosis a repris 
sa valeur antérieure au traitement dans les dix jours qui ont suivi l’arrét du traitement 

Cette étude parait indiquer qu'il y a danger A faire confianee aux cultures d’urine pré 
levée au cours de Visoniazide— thérapie, c'est A dire que les cultures négatives pour le M 
tuberculosis au cours de cette thérapie n’indiquent pas nécessairement la guérison du 
malade. Iba été observé qu'un délai de dix jours aprés la cessation du traitement était néces 
saire avant qu’on puisse déterminer valablement dans les cultures d’urine le véritable état 


brace tériologique des patients atteints de tuberculose génito urinaire 
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CYSTIC THYMOMA—THE POSSIBILITY OF CONFUSION WITH 
TUBERCULOMA ': 
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INTRODUCTION 


Tumors of the thymus deserve particular study and present-day attention because the 
organ involved is still on the borderline of medical knowledge. Its basic functions are 
unknown, and its histogenesis imperfectly understood. The neoplasms arising from the 
thymus are sufficiently uncommon so that only rarely does a single pathologist and clinical 
group have direct experience enough to become well versed in their manifestations. 

In a group of various mediastinal tumors recently collected by the writer and represent 
ing the completely reported case experience of five surgical clinies including (1, 2, 4, 6) his 
own, there were 22 cases of reputed thymie tumor among 356 primary neoplasms, an 
incidence of 6.2 per cent. In a fifteen-year experience on the chest service of the Grace 
New Haven Hospital there have been 7 surgically removed mediastinal tumors diagnosed 
as probably of thymic origin, including the case presently reported 

The difficulties in classification of thymic tumors stem from many causes, To begin 
with, the histogenesis of the normal gland is still subject to controversy and, consequently, 
interpretation of neoplastic cell types is subject to divergence (9). Epithelial neoplasms 
arising in the paramediastinal portions of the lung lobes and invading the mediastinum 
secondarily contribute to the problem. Teratoid tumors characteristically occupy a posi 
tion in the mediastinum similar to the thymus. When the former undergo malignant 
change, it may be essentially unidirectional; the cell type then may recall epithelial tumors 
of the thymus and even seminoma of the testis (8). W idespread malignaney of the lym 
phatie system, such as lymphoma and Hodgkin's disease, may exist in the thymus as well 
as other sites. Indeed, there is no certainty that the predominant small round cell of the 
normal thymus gland is anything other than a ly mphocyte; it has certain biologic respon 
ses in common. Finally, well-developed Hassall’s corpuscles are seen in only a small 
fraction of thymic neoplasms (10) 

Neoplasms recognized as of thymie origin tend to have certain gross characteristics 
The lesions are, at least at first, discrete and encapsulated, sometimes rather heavily so 
They are typically but not invariably located in the anterior and superior portion of the 
mediastinum closely investing the pericardium at some point. In the malignant varieties, 
extension is likely to be direct, with infiltration of such contiguous structures as the peri 
eardium, great vessels, trachea, and pleural surfaces with or without the production of 
a pleural effusion. Hematogenous spread is quite rare, and remote lymphatic extension 
not common although it does occur. 

After sectioning, the cut surface of thymic tumors may present many fibrous septa and 
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trabeculations. Some tumors are densely solid; others are rather fleshy or soft in texture. 
Microevst formation can occur. Sometimes very large cystic cavities are seen. The cyst 
contents are either clear and watery, sanguineous o* putty-like in consistency and color. In 
the latter case a superficial resemblance to large caseous foci in the mediastinum, the so 
called tuberculoma, exists (5) 

The purpose of the following case report is to record an instance of grossly cystic thymic 
tumor which illustrates the possibility of confusion with tuberculoma, and which was also 


associated with minimal symptoms suggestive of myasthenia gravis 


CASE REPORT 


M. L. W., New Haven Hospital #61524. The patient, a white, married female of fifty-one 
vears, was admitted to the private medical service on January 19, 1943, with a complaint 
of pain in the left shoulder, left arm, and little finger of insiduous onset and 
several months’ duration. Diabetes me:litus had been first diagnosed in 1937, and had 
been easily regulated by dietary measures without the routine use of insulin 

There was a history of searlet fever in childhood. Marriage occurred twenty-seven 
years previous to this admission and resulted in three normal pregnancies In 1930, a 
hysterectomy and bilateral salpingeetomy had been performed because of menorrhagia, 
but no pathologic report was recorded 

The admission physical examination revealed a rectal temperature of 100°F., pulse 
rate of 100, and respiratory rate of 20 per minute. The patient did not appear 
ill. The chest was normal on examination exeept for a soft apical systolic murmur. Ab 
dominal examination showed only the well-healed sear of a previous laparotomy in the 
suprapubic region. There was minimal hy pertrophic arthritie change in the fingers of both 
hands. A routine neurologic examination was not remarkable 

Laboratory studies revealed a negative tuberculin (OT, 0.1 mg. at twenty-four hours 
a nonprotein nitrogen of 26, and fasting blood sugar of 152 mg. per 100 ml. Roentgenograms 
of the chest for routine survey purposes revealed on the left side of the superior medias 
tinum a diserete, lobular, and homogeneous opacification, continuous with the left heart 
border (figure 1). In the lateral film, this density was situated anteriorly. Upon laminag 
raphy, the mass measured 9 em. in diameter and did not appear to extend into the right 
side of the mediastinum or posteriorly The radiologist 's diagnosis was ly mphoma 

Hight days after admission the patient had a slight and transient episode of left facial 
weakness, numbness of the left side of the face, slight difficulty in swallowing, and a tend 
ency to choke on nasopharyngeal secretions during the night \ neurosurgical consulta 
tion the next day did not result in a definite diagnosis, but peripheral neuritis was sug 
gested, perhaps on a diabetic basis. A surgical consultation was then requested, and 
operation was advised with a diagnosis of mediastinal tumor 

Operation was carried out on February 4, 1943, under endotracheal general anesthesia, 
using evelopropane, nitrous oxide, and ether. A left submammary incision gave access to 
the fourth rib, which was resected in its anterior half together with the corresponding 
cartilage. Additional exposure was required and gained by transection of the third and 
second cartilages. A partly solid and partly eystie tumor was exposed, intimately adherent 


to the upper pericardium and in front of the great vessels. Numerous small blood vessels 


entered the capsule. After freeing the main tumor mass, a pyramidal extension into the 
superior mediastinum was dissected free. A single rather large arterial twig entered this 
upper pole. The lesion was removed in its entirety without entering the capsule 
The pleural cavity was closed without drainage after aspirating residual air and fluid. One 
transfusion of 500 ml. of citrated blood was given 

The patient had a very uneventful convalescence, requiring one endotracheal aspira 
tion and no thoracentesis. Prostigmin was administered daily in doses of?0.048 gm. until 
discharge upon the sixteenth postoperative day. The patient is well and without evidences 


of recurrence at the present time, a period of more than ten years 


 _ 


CYSTIC THYMOMA 


Fic. 1. Postero-anterior roentgenogram of the chest at time of admission, showing 
tumefaction confluent with left heart border 


Pathology: The gross specimen was a well-encapsulated, pear-shaped mass measuring 
approximately 10 cm. in its longest (vertical) axis, and weighing 106 gm. (figure 24). The 
predominant color was a pinkish-gray. Upon sagittal section, a large spherical cyst was 
seen in the inferior half of the specimen. The cyst was filled completely with an odor 
less, grayish putty-like material showing no evidence of formed structures such as hair or 
teeth. The wall of the cyst was relatively smooth-surfaced and measured 2 to 8 mm. in 
thickness. The inferior pole of this cyst showed a single outpocketing which was some 
what hemorrhagic. The upper portion of the cut specimen revealed a series of smaller 
mutually independent cysts containing bloody liquid and lined by a glistening smooth 
and thin membrane (figure 2B 

On microscopic section certain areas, rather diffusely distributed, were characteristic 
of involutional changes in adult thymic tissue. The wall of the largest and in 


feriorly placed cyst showed well-collagenized connective tissue, a seattering of lympho 


cytes, and occasional plasma cells. The smaller cysts were set in a stroma of less dense 
connective tissue and were lined with a flattened type of cell; the subepithelial layers 
showed a marked lymphocytic infiltration (figure 3). Throughout the stroma were seat 
tered a few well-defined Hassall’s corpuscles with central keratinizing whorls 

The frequent cystic dilatations were thought to have resulted from involutional 
changes in certain of the Hassall’s corpuscles. Another more recent interpretation (7 
considers them to be distended tissue or lymphatic spaces lined with primitive mesothe 
lium (or endothelium 

The pathologie diagnosis was cystic thymoma 
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Fic. 24. External appearance of excised specimen, demonstrating we Ii-defined capsule- 
Fie. 2B. Cut surfaces after longitudinal section of tumor. A large slightly irregular 


cavity is seen packed with grayish grumous material; also several smaller cysts, the fluid 


contents of which have escaped 
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CYSTIC THYMOMA 


Fic. 3A. Microscopic section demonstrating a structure suggestive of atrophic thy 
mus. This appearance ts characteristic of many areas in the solid portion ol the tumor 

Fie. 3B. Lining of a cyst which has developed in «a mass of apparently atro 
phic thymic tissue, similar to that seen in figure 34. Several smaller cysts are present be 


low the major one. (Same magnification as in figure 3A 


COMMENT 


Of some interest in this case are the verv transient and mild evidences of myasthenia 


during the preoperative period. These included evanescent dysphagia and a tendency to 


choke on post-nasal secretions. Only after direct questioning did the patient admit also to 


some fatigue in the quadriceps femoris on climbing a flight of stairs. The transient left 
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facial weakness was also probably of significance, although the consulting neurologist was 
not sufficiently impressed to suggest a diagnosis of myasthenia. Nevertheless, these 
symptoms did not recur after excision of the lesion, and the patient noted subjective 
improvement in the postoperative period after small doses of prostigmin. The incidence of 
thymic tumors in cases of myasthenia gravis has been reported to be in the neighborhood 
of 15 per cent (3). Conversely, there is a wide divergence of opinion concerning the fre- 
quency of myasthenia among patients who harbor thymic tumors. Clagett and his co 
workers (10), after a very large experience with thymectomy in myasthenia gravis, report 
an incidence of approximately 75 per cent. The case reported herein was the only one in 
the present writer's small group of thymie tumors with myasthenic manifestations, and 
these were of mild and transient character. 

A review of certain reported cases of isolated “tuberculoma” in the anterior mediasti- 
num shows a definite resemblance to the gross appearance of the specimen in the case 
reported here. The designation of “tuberculoma” should not be made unless tubercle 
bacilli ean be demonstrated, preferably by culture, or the unmistakable histology is 
present in patients with a positive tuberculin. It is of significance that the large cyst with 
its putty-like contents in this case could not definitely be described as thymic until the 
more characteristic tissue around the smaller upper pole cysts was studied. 
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TUBERCULOSIS IN THE VERY YOUNG: : 


Report of Three Cases in Infants Less Than One Month of Age 
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Recovery from severe tuberculous infection in an infant less than one month of age 
is rare. Since report of a nineteen-day-old infant with widespread pulmonary tuberculosis 
in 1950, the writer has had occasion to treat 2 other tuberculous infants less than one 
month of age. One has apparently recovered, and the other died after an eight-month 
course of therapy. Follow-up observations on the first case and presentation of the other 


2 cases comprises this report. 


CASE REPORTS 


Case I (follow-up observations). This previously reported, in 1950 (1), nineteen-day-old Negro 
female with widespread pulmonary tuberculosis (figure 1) received intramuscular strepto 


myein or dihydrostreptomycin for approximately ten months and Promizole® for approxi 


mately eight months 
She has had a stormy course subsequent to this time. She had otitis media and acute bron 


chitis several times. At two years of age she contracted pertussis and subsequently de 


veloped pneumonia. In October, 1951, a bilateral mastoidectomy was performed Preopera 


tive diagnosis was tuberculous mastoiditis but, while acid-fast organisms were demon 
strated by direct smear, neither culture nor pathologic examination corroborated this 


finding 
The child is now more than five years of age. She is almost completely deaf. She appears 


to be mentally retarded, but this fall will enter a special school for the deaf, and later a more 
accurate evaluation of her intelligence can be made. The tubereulous process appears to be 


arrested 


Case 2. bE. H., a one-month-old Negro male, was admitted to Dooley Hospital on April 28 
1951, and weighed 7 pounds, | 


1951. He was delivered at St. Philip Hospital on March 27, 
ounee (3,203 gm.) at birth. He had been in good health until two days prior to admission 


At that time he began to nurse poorly and vomited on several occasions. Just prior to ad 
mission, fever and a “hacking” cough appeared, and he was brought to Dooley Hospital 


Family history was contributory in that his mother was known to have tuberculosis and 


had been in a sanatorium for approximately one year from 1947 to 1948. Her disease at this 


time was supposedly arrested. One sibling had mediastinal tuberculosis in 1944, at the age 


of two years, but had apparently had no further activation of the disease 
At time of admission, physical examination revealed a subacutely ill S-pound, 6.5-ounce 


(3,513 gm.) infant with rectal temperature of 101°F.; the pulse was 160 and respirations 


0) to SO per minute. His tongue was coated. Examination was otherwise negative except tor 


harsh breath sounds over the left chest posteriorly and diminished breath sounds over the 


right chest posteriorly 
The tuberculin reaction (0.1 mg.) was positive, and a roentgenogram of the chest revealed 


areas of increased density in both hilar regions. Gastric washings were positive for tubercle 


bacilli on both smear and culture on three consecutive days. He was moderately anemic 


with a hemoglobin of 9.5 gm. Cerebrospinal fluid examination revealed 5 leukocytes and a 


protein concentration of 63 mg. per 100 ml 


' From the Department of Pediatries, Medical College of Virginia, Richmond, Virginia 
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Fic. 1. Case 1 
Widespread pulmonary disease, more extensive on right 
B. Caleifie deposits in right lung field 


The patient was given dihydrostreptomycin, 200 mg. daily, for almost four months 
(August 17, 1951), when the dosage was increased to 300 mg. daily. Promizole, 0.5 gm. every 
eight hours, was administered during this period 

The patient clinically appeared to be progressing satisfactorily but gained little weight 
A roentgenogram ol the chest revealed increased disease with densities throughout the right 
lung and the medial half of the left lung on July 5, 1951 (figure 2). There was some clearing 
at the time of subsequent examinations 

On October 5, 1951, when the patient was six months of age, there was another elevation 
of temperature and the patient's general condition appeared to be worse. Cerebrospinal 
fluid examination revealed 52 leukocytes (50 lymphocytes) and a protein concentration of 
15 mg. per 100 ml. Subsequent examinations revealed greater pleocytosis (308 leukocytes, 
with 96 per cent lymphocytes on November 13, 1951), and tuberele bacilli were demonstrated 
on both smear and culture of the fluid 

Intrathecal streptomycin, 50 meg daily, was begun on October 5, 1951 Intramuscular di 
hydrostreptomyein was continued and, on November 15, 1951 the dosage was increased to 
100 mg. daily. Promizole was continued in the dosage previously noted 


In spite of therapy, the patient's illness grew steadily worse; he developed hydroceph 


alus. and died on December 30, 1951, eight months following admission to the hospital 


Case 3.1.. K., a Negro female, was delivered at the Louise Obici Hospital, Suffolk, Virginia, 
on April 20, 1952, and weighed 5 pounds, 9 ounees (2,525 gm.) at birth. The mother was 
known to have miliary tuberculosis. The baby was mistakenly put to breast one time within 
twenty-four hours after delivery, but after that time was kept isolated from the mother 

The patient was well until May 13, 1952, when she had a slight temperature elevation, 
which reached a maximum of 101°F. (reetal) two days later. Physical examination was nega- 
tiveat that time. Tuberculin patch test was positive, and smear of gastrie w ashings revealed 
the presence of acid-fast bacilli, A roentgenogram of the chest showed heavy hilar densities 
and an area of increased density in the left lung base (figure 5 

Treatment consisting of streptomycin, 75 mg. twice daily, was instituted and continued 
until June 16. 1952. Three days later, isoniazid, 12.5 mg. daily, was begun and this was con 
tinued until the patient was admitted to Dooley Hospital, Medical College of Virginia, on 
July 21, 1962 

At time of admission the baby was three months of age and weighed 9 pounds (4,082 gm 
Physical examination revealed an occasional wheeze over the right lung field. Except for an 


umbilical hernia, examination was otherwise negative 
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Fic. 2. Case 2 
A. Inereased hilar densities, bilateral; few nodules in lung parenchyma 
BKB. Increased disease with densities throughout right lung and medial half of left lung 
(. Some clearing of disease process 
D. Marked clearing of disease process in right lung, with increased densities in left upper 
lung field 
The patient's temperature was 100°F. (rectal). A roentgenogram of the chest revealed 


essentially the same abnormalities noted previously except for the appearance of nodular 
and isoniazid, 


densities in the right lung base. Intramuscular streptomycin, 240 mg. daily 


16 mg. daily, were begun 
Since that time the patient has progressed satisfactorily 
Streptomycin therapy was discontinued 


Subsequent chest roentgeno 


grams have showed clearing of the lung lesion 
after three months but isoniazid was continued until May 9, 1953 
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Fig. 3. Case 3 
1. Heavy hilar densities with areas of increased density in left lung base 
B. As in A, with addition of nodular densities in right lung 
('. Marked clearing; density in left lung base persists 
D. Density in left lung base is clearing 
E. Complete clearing of disease process 


COMMENT 


The foregoing cases constitute an unusual group. Tuberculous infection of this severity 


in infants less than one month of age is practically always fatal. Two of these infants 
survived, and the other lived eight months before succumbing to the disease. 
In so far as present knowledge is concerned, it may be said that these patients were 
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not treated to the best advantage. However, as no such cases had been reported, a satis 


factory therapeutic approach had to be determined by trial. There are several important 


lessons to be learned. 

In Case 1 (R. K.), streptomycin was continued longer than was probably necessary 
Further, it is doubtful whether intrathecal streptomycin was indicated at all. These 
two points undoubtedly were contributory to the deafness and, perhaps, to the mental 
retardation. In spite of it, as far as can be determined, this remains the youngest re 
corded case of widespread pulmonary tuberculosis with survival. Recovery might not have 
been effected had the course of streptomycin been shorter 

In Case 2 (EK. H.), the causative organism apparently became refractory to strepto 
mycin. Tuberculous meningitis made its appearance after five and one-half months of 
streptomycin therapy. From that time the illness was steadily progressive. While such 
severe tuberculous infection in a one-month-old infant clearly indicated the use of strepto 
myein, the result does illustrate the fact that streptomycin therapy cannot be used as 
prophylaxis against tuberculous meningitis and that its use in uncomplicated primary 
tuberculosis is unwarranted 

The last patient (L. K.) did not exhibit the degree of pulmonary pathology shown in 
the first two patients. She responded satisfactorily to therapy. This case demonstrates 
the well-known fact that a child born of a tuberculous mother must be kept isolated from 
her until the disease has been shown to be no longer active. Since the primary focus was 
in the lung parenchyma, congenital tuberculosis seems unlikely. While the infant may 
well have aspirated infected amniotic fluid, the possibility that contact with the mother 
was the source of the infection must be seriously considered. 


SUMMARY 
Three cases of tuberculosis in infants less than one month of age are reported. Two of 
the 3 patients survived, and the other lived eight months after therapy was instituted 
SUMARIO 
La Tuberculosis en los Lactantes Vuy Pe que Rios: Presentacion de Trea Casos de Menos de 
Un Mes de Edad 
Describense 3 casos de tuberculosis en criaturas de menos de un mes de edad. Dos de 
los 3 enfermitos sobrevivieron y el otro vivid hasta ocho meses después de iniciarse la tera 
péutica. 
RESUME 
Tuberculose chez le nourrisson: Rapport sur trois cas chez le nourrisson au-dessous d'un mois 
Trois cas de tuberculose chez des nourrissons Agés de moins d'un mois sont rapportés 
Sur trois malades, deux ont survécu, l'autre a véeu huit mois aprés l’instauration du traite 


ment 
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INTRODUCTION 


The value of pneumoperitoneum as definitive or complementary therapy in the manage 
ment of pulmonary tuberculosis has been enhanced by the rarity of complications attend 
ing the procedure. Middleton (1) in 1950 added torsion of the spleen to the list of compli 
cations. Torsion of the splenic pedicle will develop only in the presence of abnormal 
mobility of the spleen. The factors concerned in its abnormal mobility are both congenital 
and acquired 

The congenital factors in torsion of the splenie pedicle are chiefly the length of the 
pedicle and the conformation of the abdominal cavity. In the development of the peri 
toneal attachments, embryologic changes determine the length of the splenic pedicle 
(figure 1). The stomach (before rotation) is attached posteriorly (figure la) by a dorsal 
mesogastrium and anteriorly by a ventral mesogastrium. The spleen originates as a 
localized cellular collection in the left layer of the dorsal mesogastrium. These cellular 
collections fuse with one another to form a lobulated spleen, the notch or note hes of which 
are the only surface traces of lobulation in the adult organ 

The spleen divides the dorsal mesogastrium into: a gastrosplenic part and a spleno-aortic 
part (lienorenal ligament). As growth takes place (figure la and 6), the spleen and the 
stomach shift to the left and the liver shifts to the right. The spleno-aortice ligament ts 
pushed against the posterior abdominal wall and a fusion takes place between the two 
opposed surfaces. The spleno-aortie ligament having been pulled to the left comes in 
contact with the left kidney and because of its new position is referred to as the lienorenal 
(splenorenal) ligament (figure | edult). If fusion to the posterior wall fails to occur, the 
stabilizing splenorenal ligament will be absent and the spleen will be abnormally mo 
bile. The surgeon recognizes the immobilizing effect of an intact splenorenal ligament and 
considers the key step in splenectomy to be incision into the left leaf of this structure; this 


maneuver allows easy access to the splenic pedicle 


\bell (2) suggests that prolapse of the spleen may be more common in the person with 


an asthenie body habitus beeause of the relative reversal of normal intra-abdominal 


pressure relationships. In such a person the acute angle of the costal margin together with 


decreased lower thoracic circumference create a small upper abdominal surface area for 
distribution of pressure. As a result more pressure is directed toward the lower abdomen, 
and upper abdominal viscera tend to be foreed downward 

The acquired factors concerned with abnormal splenic mobility may be grouped under 
two headings: increased weight of the spleen, and conditions bringing about relaxation of 
the abdominal wall and of the splenic ligaments. Of 116 cases of torsion of the spleen 
reported by Abell (2) and Bohrer (3), 31 had splenic enlargement secondary to malaria. It 
is assumed that malarial splenomegaly was the predisposing cause of this latter group. It is 
questionable, however, whether the weight of the spleen was the prime factor, for in the 
remaining S5 cases there was no apparent splenomegaly 

Of 101 cases of torsion of the spleen in women (2, 3), 55 were pregnant or in the puer 
perium and 35 had borne two to fourteen children. Thus, it would appear that flaccidity 
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ADULT 


Fic. 1. The embryologie development of the splenic pedicle 


and relaxation of the abdomen resulting from repeated pregnancies favor torsion of the 
spleen 

Prolonged artificial pneumoperitoneum employed in the management of pulmonary 
tuberculosis is the cause of roentgenographiecally visible ptosis of the upper abdominal 
viscera and creates more free space in which these organs may be moved. The spleen 
commonly may be identified lying below its normal subphrenic location (figures 2 and 3) 
Such dislocation ean only have occurred by stretching, attenuation, and possibly rupture 
of the splenorenal and phrenocolie ligaments 

As the splenic attachments elongate, the splenic pedicle is progressively stretched and 
narrowed until it is but a stalk holding a freely mobile spleen. This advanced degree of 
change in the splenic supports must be rare or vulvulus of the spleen would be a common 
disease. Several congenital and acquired factors must be coexistent before pheumoperi 
toneum can precipitate torsion of the spleen 

In « review of 116 cases of torsion of the spleen (2, 3), 34 different preoperative diag 
noses were nade. Approximately 65 per cent of the cases occurred in persons between the 
ages of twenty and forty; 87 per cent of the cases occurred in women 

The symptoms of the acute attack of splenic torsion are not pathognomonic of the 
abnormality but are those common to an intra-abdominal catastrophe in which massive 
tissue necrosis is present. Pain in the left upper quadrant, nausea, vomiting, and elevation 
of pulse, temperature, and leukocyte count are usually present. The only diagnostic 
physical sign is the finding of a rather freely movable, tender abdominal mass possibly 
located in the left upper quadrant but whieh could equally well be almost any place within 
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2 and 3. Case 1. R. M. Pulmonary tuberculosis treated with pneumoperitdéneum. 


(Left) Roentgenogram demonstrating ptosis of the spleen. (Right) Post-splenectomy 


roentgenogram 


3 the abdominal cavity. The use of roentgenograms of the abdomen in several positions is 
of considerable diagnostic help for confirmation of the physical finding of the movable 


mass (Figure 4) 


CASE REPORTS 


Case 1. R. M., « 26-year-old white nulliparous female, was admitted to The City Hospital 
of Akron on June 4, 1952, complaining of excruciating constant pain localized in the left 
upper abdominal quadrant. The pain was of four hours’ duration, had developed rapidly, 
and was constantly increasing in degree. The previous systemic history was irrelevant 
except for an eleven-year history of pulmonary tuberculosis. Pheumoperitoneum (figure 2 
had been given for the previous twenty-one months through needle wounds in the left 
upper mid-abdomen. Physical examination revealed a well-developed, well-nourished 
young female lying restlessly in bed complaining bitterly of abdominal pain. The abdomen 
was tympanitic, with air in the peritoneal cavity, was moderately tender, with deep left 
upper quadrant pressure, but contained no palpable organs or masses. The temperature 
was 00°F. and the pulse was 66 per minute. Urinalysis was normal; blood count was 3,840,000 
erythrocytes and 11,000 leukoeytes per cu. mm., with SI per cent polymorphonuclears, 
16 per cent ly mphoey tes, 2 per cent monocytes, and l per cent eosinophils The coagulation 
time was three and one-half minutes; bleeding time, two and one-fourth minutes, and the 
4 prothrombin time was 23 per cent of the normal values. Two days postoperatively the 
é prothrombin time had risen to 68 per cent of normal. No vitamin K was administered in 
the interim, and the patient had not received streptomycin therapy in the preceding twelve 


month period 


re A diagnosis was made of “necrosis of intra-abdominal tissue,’ and a laparotomy was 

performed through a mid-epigastric incision. The spleen was the only abnormal organ, 
4 weighing 500 gm. and being approximately three times the anticipated normal size. It was 
ie black and completely infareted because of a 540-degree counterclockwise rotation on the 
3 gastro-splenic ligament. The splenic pedicle measured 5 em. in length, 4 em. in width, 


and 2em. in thiekness, and contained both the short gastric and splenic vessels. The pedicle 
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was the only attachment of the organ to the adjacent viscera. The spleen was readily 
untwisted, but signs of viability did not appear and splenectomy was performed, The 


histologic appearance was that of chronic passive congestion, The patient was discharged 


cn her seventh postoperative day after an uneventful convalescence. Paeumoperitoneum 
was resumed (figure 3 


Case 2. J. M., a 20-year-old white primida gravida, was admitted to The City Hospital 
of Akron on July 27, 1953, complaining of agonizing left upper quadrant pain. The pain 
began three days prior to admission, was of progressively increasing intensity, and was 
accompanied by chills and fever. Previous systemic history was negative except for a 
four-year history of pulmonary tuberculosis treated by sanatorium care from September, 
1949, to February, 1951. Pneumoperitoneum assisted by left phrenic paralysis (figure 4) 
was administered from February to September, 1951, and the disease was considered to be 
arrested 

On July 11, 1953, sixteen days prior to the present admission, a low caesarian section 
was performed on the patient beeause of abruptio placenta. She was delivered of a healthy 
living child and left the hospital on her sixth postoperative day after an uneventful re 
covery 

On the present admission, physical examination revealed an acutely ill young female 
patient complaining of severe left upper abdominal pain. Examination was otherwise 
normal except for an exquisitively tender, indefinable, large, slightly mobile mass lving 
in the left upper mid-abdomen. Mobility was best demonstrated by rolling the patient from 
side to side. A flat plate roentgenogram of the abdomen (figure 5 showed a large mass 
obseuring the left psoas major muscle shadow. The temperature was 102°F.; pulse, 92 
per minute; and the blood pressure, 118 systolic and 76 diastolic in mm. of mereury. Urinals 
sis Was normal: blood count was 3,200,000 erythroeytes and 11,700 leukocytes per cu. mm., 


with 73 per cent polymorphonuclears, 25 per cent lymphocytes, | per cent monocytes, and 


Fries. 4 and 5. Case 2. J. M. Pulmonary tuberculosis treated with pneumoperitoneum 
(Left) Roentgenogram demonstrating ptosis of the spleen. (Right) Flat plate of abdomen 
showing a large mass (spleen) partially obscuring the left psoas major muscle 
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1 per cent eosinophils, The coagulation time was three minutes; bleeding time, | minute; 
and the prothrombin time was 54 per cent of the normal values. No streptomycin had been 
administered in the preceding twelve months 

\ diagnosis was made of “possible foreign body in the abdominal cavity subsequent to 
caesarian section or possible delayed rupture of the spleen,” and laparotomy was performed 
through a left upper abdominal transverse incision 

The spleen was the only abnormal organ, weighing 880 gm. ; It was black, nonviable, and 
only moderately enlarged, but on its anteromedial surface was a huge subeapsular hematoma 
whieh was black in color and constituted the main mass. The splenic pedicle measured 
5 em. in length, 4 em. in width, and 3 em. in thickness, and was the only supporting strue 
ture. The spleen had become rotated clockwise through 900 degrees; alter reduction ot 
the volvulus the organ was still nonviable, and splenectomy was performed 

Histologic diagnosis was ‘marked congestion ol the spleen "’ When first visualized, the 
veins of the gastrocolic omentum and of the transverse mesocolon were markedly en 
gorged; it was estimated that the venous pressure in these vessels was at least twice the 
anticipated normal. The constantly enlarging spleen exerted considerable traction on the 
entire portal system. This attenuation of the portal vein caused an increase of the peripheral 
pressure in the portal tributaries. As soon as splenectomy had been performed, these 
previously engorged vessels assumed a normal caliber. Convalescence was not remarkable 
except tor increased vaginal bleeding, and the patient Was discharged on her seventh 


postoperative day 


SUMMARY 


Two cases of volvulus of the spleen which oceurred in tuberculous patients treated by 


pheumoperitoneum are presented, and the causal relationship of pneumoperitoneum ts 
considered. The rarity of this complication is consistent with the over all low morbidity 


associated with pneumoperitoneum 


SUMARIO 
Torsion del Bazo (suciada con Ve unto pe ritoneo 


Preséntanse 2 casos de vélvulo esplénico observados en tuberculosos tratados con el 


neumoperitoneo y se considera la relacion etiolégica del dltimo. La rareza de esta complica 


cidn es compatible con la baja morbidad global que acompafia al neumoperitoneo 


RESUME 
Torsion de la rate associ¢ée au pneumoperitorne 


Présentation de deux eas de volvulus de la rate survenus & la suite de la eréation d'un 
pneumopéritoine; les rapports étiologiques avee le pneumopéritoine examinés La rareté 
de cette complication s'accorde avee le faible taux de morbidité globale du pneumopéri 
toine thérapeutique 
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LOFFLER’S REACTION TO PARA-AMINOSALICYLIC ACID: 
HERMAN TUCHMAN 
Received for publication January 13, 1954 


Numerous and varied reactions have been attributed to para-aminosalieylic (PAS) 
acid since its introduction as an antituberculous agent by Lehmann in 1946. Acute drug 
fever and urticaria are the common allergic manifestations, while other toxic effects appear 
mainly to be confined to the gastrointestinal tract, presumably a result of local irritation 
Warring and Hewlett (1), in describing allergic reactions to PAS, presented one case of a 
33-vear-old white woman with an allergic diathesis who developed acute bilateral pneu 
monitis with eosinophilia while being treated with this drug 

\ review of the literature reveals the rarity of pulmonary reactions as a part of 
hypersensitivity to PAS (2). The present report is concerned with a patient who developed 


roentgenographic evidence of acute bilateral pneumonitis and eosinophilia while being 


treated with PAS in conjunction with streptomycin for pulmonary tuberculosis. The 


svndrome was repeated by giving a test dose of PAS. 


CASE REPORT 


J.C... «a 2)-vear-old white male, was admitted to Madison Veterans Administration 
Hospital on Mareh 31, 1953, as a transfer patient trom the Hines Veterans Administration 
Hospital, Ilinois, with a diagnosis of pulmonary tuberculosis, minimal, active 

The patient had entered Hines Hospital on January 14, 1953 with a complaint of ano 
rexia and severe cough He had been awakened from his sleep two days before with « ough 
ing paroxysms productive of only small amounts of green sputum. Substernal discomfort 
occurred with the cough, but the patient noted no other symptoms. The systemic review 
was essentially negative. There was no allergic history. The patient stated that his father 
was admitted to a tuberculosis sanatorium one week previous to the patient's admission 
to Hines 

Physical examination revealed an acutely ill white male who had a temperature of 
103.4°F., and a pulse of 120 per minute. A few rhonchi were heard in the extreme lung 
bases, but the remainder of the physical examination was normal, The admission hemo 
gram showed «a hemoglobin of 14.5 gm., with an erythroeyte count of 4,720,000 per cu. mm 
The leukocyte count was 6,300 per cu. mm., with 70 per cent neutrophils, 27) per 
cent lymphocytes, | per cent monocytes, and 2 per cent eosinophils. Three sputum smears 
were negative tor acid-fast bacilli The roentgenographic diagnosis was minimal pul- 
monary tuberculosis. A chest roentgenogram on January 16 revealed only an irregular 
infiltration whieh on lordotie view proved to be a nodular lesion at the left first anterior 
interspace with inereased peribronchial markings extending from it inferiorly to the left 
hilum. Sputum cultures were positive for tubercle bacilli, Diagnostic bronchoscopy was 
performed, and the tracheobronchial tree was found to be normal. The patient was then 
transferred to this hospital on March 31, 1953, for treatment of the pulmonary tubereulo 
sis, and on admission the patient Was asymptomatic 

Physical examination revealed a well-developed, thin, white male who appeared his 
stated age and who did not appear to be ill. His temperature was 0S F. and the pulse was 
70 per minute. The lungs were clear, and the remainder of the physical examination was 
within normal limits 

Laboratory work revealed a normal urinalysis. The hemoglobin was 15.8 gm., and the 


From the Departments of Medicine, Veterans Administration Hospital, and Univer 
sity of Wisconsin Hospitals, Madison, Wisconsin 
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leukoeyvte count was 7,600 cu. mm., with 61 per cent neutrophils, 33 per cent lymphocytes 
5 per cent monocytes ind | per cent eosinophils. A sputum culture on April 2 was posi 
tive for tubercle bacilli. A stereoscopic chest roentgenogram (figure 1) revealed the right 
lung to be free of parenchymal disease. In the left lung there was an infiltrative area of 
disease in the posterior portion of the apieoposterior segment projecting into the first 
anterior interspace. There was a moderate amount of fibrosis extending from this lesion 
to the hilum. and several firm strands of fibrous density were present in the apical portion 
of the apicopostertor segment The patient was placed on ¢ lass IT exercise tolerance, and 
on April 4 was started on para aminosalievlic acid, 4 gm. three times daily, and strepto 
mvein, gm. twice weekl 

Initially. he showed no untoward reactions to his medications, and a subsequent chest 
film taken on May 20 showed the disease in the left upper lobe to be stable. However, on 
June 16. eight weeks following the institution of therapy, the patient began to show per 
sistent hyperpyrexia. The temperature hovered about 99°F., with occasional abrupt rises 
to 102°F. He also complained of severe frontal headache, anorexia, and increase in cough 
with no apparent increase in sputum Physical examination of the chest was essentially 
normal. and there was no evidence of upper respiratory tract infection A chest roent 
genogram on July 3 (figure 2 revealed for the first time what appeared to be a spread of 
the infiltrative disease in the right lung laterally in the first anterior interspace There 
also see med to have been some spread throughout the lateral portion of the left upper 
lobe. with mottled density to the level of the fourth and fifth anterior interspaces A leu 
koevte count showed 10.400 cells per cu. mm., with 53 per cent neutrophils, 31 per cent 
Lyrnpohien ytes, 5 per cent monocytes and 12 per cent eosinophils Oxytetracyeline Ter 
ramvein), 250 mg. daily, was given for five days in an attempt to curb a possible intercur 
rent infection 

The patient continued to complain of headache and persistence of a dry, hacking cough 
A chest roentgenogram on July S (figure 3 revealed no further spread of the disease \ 
differential blood count on July 7 revealed 26 per cent eosinophils 

On July it was decided to discontinue the PAS to see if this drug might be responsi 
ble for the eosinophilia. The patient immediately improved subjectively. His appetite 
returned and his headaches disappeared, as did the afternoon hyperpyrexia Sputum 
smears were negative for eosinophils. A leukocyte differential count on July 10th showed 
1 per cent eosinophils. Chest roentgenograms on July 10 showed clearing of the infiltration 
first noted on June 26, and another film on July 24 (figure 4) showed complete resolution 
of the process 

Streptomycin was given as before, 1 gm. twice weekly, until August 4. It was decided 
to test the patient's reaction to PAS. Calcium PAS (Parasal) in tablet form was admin 
istered. The patient received a total of 16 gm. in a twenty-four-hour period. The tempera 
ture rose to lol | He complained ol headache, nausen, and noted recurrence ol a severe 
hacking cough. On August 6, a leukocyte count revealed a total of 14,500 cells per cu. mm 
with IL per cent eosinophils. On August 7, this count was 9,600 per cu. mm., with 16 per 
cent eosinophils. A chest roentgenogram on August 6, (figure 5), twenty-four hours after 
stopping the PAS, revealed reappearance of the infiltrative processes in both upper lung 
fields. A leukoevte count on August 10 showed a total of 8400 cells per cu. mm with 5 
per cent eosinophils, and a roentgenogram on August 12 (figure 6) showed resolution of 
the process 

It was believed that this test dose proved the patient's hypersensitivity to PAS. On 
August 13, the patient was given 100 mg. of isoniazid three times daily in association with 
the streptomyein dosage. The patient has since been asymptomatic, and further chest 
roentgenograms have shown clearing of the original disease. He is now awaiting operation 


for segmental resection of the remaining tuberculous disease 


SUMMARY 


An interesting and unusual response to para aminosalievlie acid (PAS) occurred in a 


patient being treated with this medication for pulmonary tuberculosis. Initially, the chest 
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reentgenograms suggested either spread of the primary disease process or an intercurrent 
acute bilateral pneumonitis. Oxytetracycline (Terramyein) was administered in an attempt 
to allay the process. The appearance of marked eosinophilia (26 per cent) suggested an 
allergic reaction. Withholding the PAS resulted in clearing of the lung fields roentgeno 
graphically, and the eosinophilia disappeared. Reinstitution of treatment with a different 
form of the medication (calcium PAS in tablet form) was followed by recurrence of the 
allergic phenomenon. This course was interpreted as representing Loffler-type reaction to 
PAS therapy 

\ patient who shows an apparent exudative spread of his tuberculosis while under 


therapy with PAS should be suspected of having developed an allergic reaction to the 


drug. Marked eosinophilia is a confirmatory sign. The diagnosis in the present case was 
established by re-provoking the syndrome when PAS was given as a test dose 


SUMARIO 
Reaccién de Léfiler al Acido Para-Aminosalictlico 


Een un enfermo en vias de tratamiento con Acido para-aminosalicilico (PAS) por tubereu 
losis pulmonar, observése una reaccién interesante y extraia a dicha medicacion. Al prin 
cipio, las radiograffas tordcicas sugerian bien difusién del proceso morboso primario o una 
neumonitis bilateral aguda intercurrente Tratando de aliviar el proceso, se administ rd 
oxitetraciclina (Terramicina). La aparicién de eosinofilia acentuada (26 por clento) sugirid 
una reaceién alérgies. La suspensién del PAS fué seguida de despejo radiografico de los 
campos pulmonares, desapareciendo la eosinofilia. La reiniciacién del tratamiento con una 
forma distinta de la medicacién (PAS céleico en tabletas) fué seguida de reaparicién del 
fendmeno alérgico. Esa evolucién fué interpretada como reaecién tipo Loffler a la tera- 
péutica con PAS. 

en un enfermo que revele aparente difusién exudativa de su tuberculosis mientras se 
halle bajo tratamiento con PAS debe sospecharse aparicién de una reaceién alérgica a la 
droga Una eosinofilia acentuada constituye un signe corroborador in el caso ae ual, se 
establecié el diagnéstico provocando de neuvo el sindrome con la administracién de PAS 


como dosis de ensayo 
RESUME 
Réaction de Léfiler a4 Vacide para aminosalicylique 


Une réaction intéressante et inhabituelle a acide para-aminosalicylique s'est produite 
chez un malade traité par ce medicament pour une tuberculose du poumon. Initialement, 
les clichés du poumon suggéraient soit une extension de la primo-infection, soit une pneu 
monie bilatérale aigue. L’oxytétraeyveline (Terramyeine) fut administrée pour tenter de 
juguler le processus. Une éosinophilie marquée (26%) suggérait Vallergie La suppression 
du PAS a produit ’éclaircissement de l'image des chaps pulmonaires et la disparition de 
I’éosinophilie. La répétition du traitement avee une nouvelle forme de la médieation (PAS 
caleique en comprimés) fut aceompagnée d’une réeurrence des phénoménes allergiques 
Cette évolution est interprétée comme représentant une modalité de la réaction de Loffler 
au traitement par le PAS. Lorsque, au cours d'un traitement par le PAS, il se produit chez 
un malade une diffusion de la tuberculose A forme d’exudat, il y a lieu de penser A une réne 
tion allergique au médicament. La présence d'une éosinophilie marquée est un signe con 
firmatif. Dans le eas actuel, le diagnostic a été établi en reproduisant le syndrome en ad 


ministrant comme test une nouvelle dose de PAS 
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Notes 


AN AGITATOR FOR BACTERIOLOGIC SPECIMENS 


The mechanical agitation of sputum and body fluid specimens for tuberculosis exam- 
ination has become a well-established procedure. Vigorous agitation virtually homogenizes 
the specimen, allowing for adequate centrifugation, control of contaminating organisms, 
more even distribution of tubercle bacilli, a decrease in treatment time, and a reduction 
in concentration of sodium hydroxide from 4 to 3 per cent. Steenken and Smith' recom 
mended «a paint shaker for use as an agitator. This machine has the disadvantage of 
necessitating special mounting, such as anchoring to a concrete block in order to hold 
the machine and to reduce vibration. Because of this special mounting, installation in 
many laboratories is very difficult or not feasible. Moreover, it is difficult to shield this 


shaker for protection from aerosols 


Fie. 1. Agitator for bacteriologic specimens 


With the realization of the potential aerosol hazards to personnel resulting from high 
speed agitation of contaminated materials, a different type of paint shaker® was adopted 
for laboratory use. This shaker requires no special mounting, is portable, and can be 
satisfactorily placed in a bacteriologic safety hood (figure 1) 

To use this shaking apparatus, specimens are transferred to 120 cc. round, wide-mouth 
bottles, using a No. 9 regular rubber stopper. The bottles are metal protected against 
breakage by placing each in two cans (3 inches high by 2.5 inches in diameter) having a 
cirele of 1-inch thick foam rubber in the bottom of each can. (Mallinkrodt ether cans 
with top removed work very well.) The foam rubber supplies tension to hold bottles in 
the adapters used on the shaking machines. Four metal-clad bottles are placed in each 


Sreenken, W. M. M.: J. Lab. & Clin. Med., 1942, 27, 1582 
* Harbil Paint Mixer, Model HB-7, manufactured by Harbil Manufacturing Co., 325 W. 
Ohio Street, Chicago 10, Ilinois 
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Fig, 2. Integral parts of adapters used on the shaking machine 


adapter, and the adapters are then placed in the cradles and anchored in place with 
tightening screws. The adapters are constructed of sheet metal and are 7 inches wide, 


tapering to 2 inches on the bottom, 6 inches long, and 4.5 inches deep. These adapters 
are removable and, with the cans, will withstand repeated autoclaving for sterilization. 
Integral parts are illustrated in figure 2. Four specimens can be shaken in each adapter, 


or eight at one time. Four specimens can be shaken on one side of the machine with no 
counterbalancing necessary. A ten-minute shaking period is utilized. The shaker oscil 
lates at approximately 800 oscillations per minute. No leakage or breakage has occurred 
in several months’ usage. The results have been comparable to those obtained with the 
paint shaker as recommended by Steenken and Smith. 

In summary: A shaking apparatus for agitation of bacteriologic specimens suitable 
for installation in a bacteriologic safety hood and requiring no special mounting is de- 


scribed. 
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PROGNOSIS AND LONG-TERM CHEMOTHERAPY IN TUBERCULOSIS 


To the Editor of the American Review of Tuberculosis: 


The data presented by DeFriez and associates in the January 14, 1954, issue of the 
Vew England Journal of Medicine (page 250) are of extraordinary interest. In a twenty 
vear follow-up study of 377 patients treated for pulmonary tuberculosis with striet bed 
rest, they found a cumulative relapse rate of 50.1 per cent at twenty years. Although the 
majority of relapses occurred within the first five years, the possibility of relapse after 
this date ix by no means small; their tables indicate that 16 per cent of all relapses occurred 
five to ten vears later, and an additional 10 per cent oceurred ten to twenty years later 
These figures re-emphasize the difficulties encountered in long-term prognosis. Many 
patients with pulmonary tuberculosis are permanently cured, but the problem, unsolved 
to this moment, is to predict which ones they will be 

The paper referred to deals with patients treated in the pre-chemotherapy era This 
was the case also in Mitchell and Knudson’s report on the results of bed-rest treatment 
for minimal pulmonary tuberculosis (Am. Rev. Tubere., 1950, 67, 809), in which the 
cumulative incidence of “reactivation” during treatment and for seven vears following 
discharge was 37 per cent. With drug therapy we ean expect a reduction in the frequency 
with whieh early relapse occurs, but many late relapses are now being seen in patients 
who were treated with antimicrobial agents for relatively short periods of weeks or months 
during the vears 1947-1951. We are also harvesting a disheartening crop of late relapses 
in patients treated with resection followed by only short-term chemotherapy It is never 
certain that all tubercle bacilli have been removed from the tuberculous host when the 
grossly involved lobe or segment is excised, nor can we postulate complete eradication of 
tubercle bacilli from the human host by any arbitrary period of drug treatment. In 
the light of these observations and accumulated experience with this disease, we believe 
that the time has come to explore very prolonged, perhaps life-long, treatment with anti 
microbial agents. In a manuscript recently submitted for publication, we have presented 
data on 52 patients treated for periods of one to three years with various combinations 
of streptomycin, PAS, and isoniazid. There has been no instance of clinical or roentgeno 
logic relapse in this group as of this date, and drug therapy is being continued and the 
program extended. The limitations of such a program have to do with patient acceptance, 
bacterial resistance, and drug toxicity. These factors are considered at greater length in 
our manuscript, but we wish to point out at this time the fact that patient acceptance of 
very prolonged chemotherapy (ineluding the unpalatable PAS) is in direct proportion 
to the degree to which the physician is convinced of its importance, and to the zeal with 
which he transmits his belief to the patient. Final evaluation of this approach will re 
quire more prolonged observation of more patients, but up to now the results attained 
are gratifving and drug toxicity has not been a serious obstacle. The program is not 
recommended where adequate personnel and facilities for frequent laboratory and clinical 


evaluation are unavailable 
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Books 


THoracice Surgery Parnovocy. By Gustaf E. Lindskog and Averill A. 
Liebow. Pp. 664, with illustrations, Appleton-Century-Crofts, Inc., New York, 1953, 
Price, $5.00. 


For obvious reasons, postwar writers on thoracic surgery have been wary of entering 
the textbook field. It is a truism that, although the body of accurate medical knowledge 
constantly increases, old textbooks dealing with a given subject are frequently larger 
than modern ones. Sauerbruch’s massive two-volume text and Lilienthal’s were ponderous 
definitive works. The valuable volume of Graham, Singer, and Ballon published in 1935 
reached 1,070 pages. As greater precision of knowledge is attained, economy of exposition 
is facilitated. It is easier to describe intratracheal anesthesia than the Sauerbruch or 
Willy Meyer chambers, and forty years of experience with thoracoplasty for tuberculosis 
provides a basis for succinct appraisal. A large variety of outmoded operations and pro 
cedures no longer deserve more than a footnote. Nevertheless, the growth of thoracic 
surgery in the past fifteen years has been such as to make authors avoid an attempt at 
the writing of a definitive textbook as too monumental a task, the fruits of which would 
he certain to be obsolete by the time of completion. As a result, the three or four books 
recently written have been brief, almost informal, descriptions of the scope of thoracic 
surgery. 

The present work, by the Professors of Surgery and Pathology at Yale University, is 
an attractive volume. The thinking which this collaboration indicates has resulted in a 
readable text, modern in content and approach. It is formally organized as a textbook 
and, in view of its modest size (664 pages), is reasonably complete. The style is simple 
and lucid so that the book will be easily read by students and physicians not deeply versed 
in the problems of thoracie disease. Clinical descriptions of disease are satisfying and 
clear; many operative techniques are given in reasonable detail. There is a constant grati 
fving recourse to modern anatomic descriptions, the correlation of pathologic Processes 
with the elinical picture, and the nature and measurement of physiological disturbance 
The illustrations are abundant and well chosen. One regrets that modern publishing costs 
prevent the reproduction in color of an entire series of vinylite casts of bronchovascular 
anatomy 

Tuberculosis is still given a deservedly generous space, and the discussion ranges 
broadly over the therapeutic possibilities. It is pleasant to find pneumothorax and thoraco 
plasty not entirely discarded. Lung abscess and bronchiectasis, as vanishing diseases, are 
assigned less space than would have been permissible ten years ago. The section on the 
esophagus, like the rest of the work, is satisfying and complete within the limits of the 
space available. Cardiac surgery is similarly well treated in so far as the more usual pro 
cedures and conditions are concerned 

Inevitably, in a first edition, disproportion of space appears. Three pages are allotted 
to the technique of thoracentesis and more space is given to aspergillosis than to con- 
genital cystic disease of the lung 

The easy, well-written historical introductions to most chapters add a good deal to 
the value of the book. The references to the literature and to the experiences of others are 
generally well chosen, if not exhaustive, and the bibliographies at the end of each chapter 
provide the classic references and a representative selection of the recent literature 

In establishing a systematic textbook format, chapter by chapter, the authors have 
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invited the comment that the arrangement lends itself to constant revision for future 
editions. Formal textbook organization of material is costly in space in that it requires 
some mention of almost everything. The smaller the work, the greater the unavoidable 
space expenditure of this kind. One may be allowed to hope that with future editions the 
work will assume definitive proportions and that the authors will allow themselves the 
luxury of more extensive treatment of subjects now included, as well as of those which 
will have gained importance with the passage of months 

Mark M. Raviren 

New York, New York 


Immunrry, Hyrersensiriviry, and Serotocy. By Sidney Raffel. Pp. 531, Appleton- 
Century-Crofts, Inc., New York, 1953, Price, $8.00 


The concept of immunity almost automatically conjures up in our minds a series of inter 
actions between antigens and antibodies specific for each infectious agent and for each 
noxious foreign substance. The spectacular success of transferable humoral antibodies in 
a limited and fairly understood group of infectious diseases inclines us to assume that the 
fundamental basis of all immune processes rests primarily on some sort of neutralization 
or disposal of the antigenic noxae through the specific antibodies elaborated against them 
by the invaded host. This is in harmony with the principle of least hypothesis, which is 
one of the cardinal cravings of the human mind and basic to the progress of scientific 
knowledge. It is not always possible, however, to achieve simplicity. It is the distinction 
of this thoughtful, clear, and comprehensive monograph to point out that not all patho 
genic substances are antigenic and that not all antibodies which are detectable in an 
invaded host are necessarily directed against the nosogenic properties of the parasite. 

In the first part of this volume, Dr. Raffel analyzes the concept of virulence. This is 
not merely the capacity of the invading parasite to multiply in the tissues of the host, 
but primarily its aptitude to exert noxious influences which disrupt the economy of the 
infected organism. It is the function of immunology, first, to seek out and identify the 
chemical entities existing either in the parasite itself or produced by it in the tissues of 
the host which are responsible for the pathogenic effects of the microorganisms; second, 
to characterize in each disease process the antibodies or other forces mobilized by the 
host which, in fact, counteract these nosogenic influences; and, finally, to ascertain the 
processes by which this is accomplished 

Much space is devoted to the elucidation of the process of formation of antibodies, 
their chemical and physical properties, their mode of interaction with antigens, and the 


specific roles that they play in the mechanism of immunity, when such is demonstrably 
the case. Dr. Raffel sets up criteria and postulates by which these substances can be 


gauged for the specific roles that they play in combating an infectious process. It is shown 
that, in many diseases, antibodies develop which thus far have not been demonstrated 
to play a significant role in disposing of the essential pathogenic effects of the parasite, 
and, therefore, play no real part in the mechanism of immunity against a given microorga 
msm or Virus 

Hypersensitivity is then pointedly discussed, sharply dissected, and skillfully inte 
grated into the structure of the mechanism of increased resistance following reinfections 
Dr. Raffel presents very clear evidence for the view that, particularly in tuberculosis, 
hypersensitivity is a process which is concomitant with the development of increased 
resistance but one that is quite distinet from, and independent of, the latter 

These two general sections of the book are followed by a consideration, in a number of 
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specific infectious diseases, of the chemical nature of the essential factors determining 
the pathogenicity of specific agents of disease, as well as by an appraisal of the processes, 
be they antigen-antibody interactions, or be they of another nature, which have at the 
moment been demonstrated to play a significant role in the immune response 
Dr. Raffel has succeeded in marshalling the essential and the most recent information 
available into an integrated concept in a manner which is enlightening and yet not bur- 
dened with superfluous details. The greatest value of the book is its challenge to the in 
vestigator to seek further and deeper into the mechanism of acquired resistance. This 
applies with particular emphasis to the field of tuberculosis, in which Dr. Raffel has 
labored with such success 
The book is highly recommended as a balanced critical estimate of the field of im 
munity, which, while not altogether free from personal views, yet is not marred by ex 
cathedra pronouncements which sometimes detract from works of this character 
Max B. Luru 
Philadelphia, Pennsylvania 


Sruprer OveR UROGENITALTUBERKULOSENS BeHanpLuNG. By Karl Ola F. Obrant 
Pp. 159, Fran Kirurgiska Kliniken I Vid Sahlgrenska Sjukhuset, Goeteborg, 1953 


This report consists of the results of various therapeutic measures in 148 patients with 
urogenital tuberculosis 

Most of the patients were maintained on the conventional standard sanatorium super 
vision. All received a course of antituberculous chemotherapy. Specific operative proce 
dures were performed on many of them 

The results of treatment were determined by three types of observations: roentgeno 
graphic studies, microbiologic studies of urine, and symptomatic improvement 


4 
rhe routine roentgenographic examinations consisted of intravenous pyleogram and, 


only occasionally, a retrograde pyelogram. Cystoscopy examinations were comparatively 
rare because of the risk of possible spread of tuberculosis. Cystourethrographies and an 
occasional aortography were performed at the beginning of treatment 
The inoculation of urine into guinea pigs proved superior to Lowenstein medium 
cultures for demonstrating tubercle bacilli. In 283 urine examinations in which both 
tests were performed, 278 exhibited positive guinea pig inoculations, whereas only 34 
showed positive urine cultures. In only 5 instances of positive urine cultures were the 
guinea pig inoculations negative 
The patients were divided into three categories with respect to the microbiologic data 
in the urine 
1. Stable “conversion” (for a period of at least four months, the last five guinea pig 
inoculations would have to have been negative for tubercle bacilli) 
Uncertain “conversion” (the last five guinea pig inoculations have been negative 
for tubercle bacilli, but observations have been made for a period of less than 
four months) 
3. Persistently positive 
The chemotherapeutic agents used were streptomycin, para-aminosalicylic acid 
(PAS), and Conteben" (a thiosemicarbazone). Streptomycin was first given in a dosage 
schedule of 1 gm. daily, but later a regimen of | gm. every other day was adopted. Para 
aminosalicylie acid was generally given in a dose of 10 gm. per day; and Conteben™, 0.005 
gm. twice a day. In 48 per cent of the male patients and 35 per cent of the female pa 
tients, the treatment has exceeded one vear 
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\ll operative interventions with the exception of nephrectomy for pyonephrosis were 
preceded by a course of chemotherapy. The chemotherapy treatment was longest for par 
tial nephrectomy; it lasted generally for approximately six months 

In regard to operative indications in renal tuberculosis, parenchymatous renal tuber 
culosis and minor unilateral ulcerous kidney lesions were not considered to indicate opera 
tive intervention. A heminephrectomy was carried out, however, if the rena! lesion was in 
a position which would make this technically possible and when at least one-third of the 
kidney parenchyma appeared intact. Nephrectomy was carried out in cases of unilateral 
tuberculosis when the kidney showed an attendant marked decrease in function. In cases 
in which the ureter showed radiologic changes, the nephrectomy was combined with total 
ureterectomy. In cases of bilateral tuberculosis of kidneys, heminephreetomy was carried 
out if the localization was favorable. Tuberculous epididymitis was treated by epididy 
mectomy. Tuberculous prostato-vesiculitis was not considered to be indicative of radi 
cal extirpation of these organs. If the epididymis was intact in cases of prostato-vesiceu 
litis, a prophylactic vasectomy was carried out 

\ group of 46 patients compiled from cases of unilateral renal tubereulosis without opera 
tion, bilateral renal tuberculosis, and tuberculosis of the remaining kidney after nephree 
tomy were treated for the most part without any surgical intervention on the kidneys. 
The exceptions to this were 9 instances of bilateral renal tuberculosis in which a nephrec 
tomy or partial nephrectomy was performed. In this group of 46 patients, stable conver- 
sion of the urine was obtained in approximately 60 per cent. Twenty-five per cent 
continued to show tubercle bacilli in the urine, while the remainder obtained uncertain 
“conversion.” The roentgenograms of the kidneys indicated improvement in all instances 
but 4. In all patients with bladder disturbances, symptoms disappeared or decreased 
considerably 

The group of 25 patients with unilateral tuberculosis underwent nephrectomy. Seventy 


two per cent of this group obtained stable “conversion”; the urine remained persistenthy 


positive for tubercle bacilli in 8 per cent; and 20 per cent achieved uncertain “conversion r 
Genital tuberculosis and tuberculosis in the remaining kidney were the common findings 
in the group of patients with uncertain “conversions.” The worth of chemotherapy was 
evident from the fact that the “conversion” in 7 instances in the latter group of patients 
was obtained after two to eleven months of postoperative antituberculous chemotherapy 
Primary healing of the wound following nephrectomy occurred in 87 per cent; and, in 
97 per cent, complete healing occurred within one month after operation 

Partial nephrectomy was carried out in 7 instances of unilateral and in 3 instances of 
bilateral renal tuberculosis. In 7 of these 10 cases, stable “conversion” of the urine was 
obtained. In 2 cases, an uncertain “conversion” was the result. It is thus seen, in terms of 
the microbiologic studies of the urine, that the results of the heminephrectomy were as 
good as total nephrectomy. In the nephrectomized patients, “conversion” was obtained 
more rapidly than in the nonoperated cases 

These studies show that chemotherapy must be of long duration in some cases; this 
was seen to be true in purely conservative treatment as well as in the operative cases 
This was clearly evidenced by the histologic examination of the removed kidneys. The 
activity of the lesions from the removed kidneys was seen to be inversely proportional to 
the length of the course of preoperative chemotherapy 

The tuberculous bladder constituted a special problem, as it was inaccessible to chemo 
therapy. The operative interventions employed were uretero sigmoidostomy, cutaneous 
ureterostomy, and resections of nervi hypogastrici. The cutaneous transplants have proved 


to be superior to the transplants into the intestine 
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Tuberculosis in the male genital organs without a known coexistent urinary tubercu 
losis occurred in 30 instances. Semen analvsis and ey tologic semen examination proved to 
be of great diagnostic aid as well as establishing indications for prophylactic vasectomy 
“Positive” guinea pig inoculations from the semen have sometimes been obtained. Stable 
“conversion” was obtained in approximately 50 per cent of the patients with genital tuber 
culosis, 25 per cent showed urine cultures persistently positive for tubercle bacilli, and 
the rest showed uncertain “conversion.” It was evident from this material that tubereu 


lous lesions in the prostate and seminal vesicles remain active despite a coexistent stable 


“conversion” of the urine. In 20 cases of genital pelvic lesions, the prophylactic vasectomy 
has provided an effective protection for the epididymis. Healing of the wound after epidi 


dymectomy was primary in SI per cent of the cases 
Relapses occurred in 17 of the total group of 148 patients. Of these 17 patients, 15 were 
males with evidence of genital tuberculosis and 2 were females 
The possible emergence of tubercle bacilli resistant to the chemotherapeutic agents 
used has been investigated. Despite long treatment, no such resistance could be deter 
mined. This was attributed to the fact that streptomycin and Conteben® for the most 
part were used in combination with PAS 
\fter surgery, all patients continued to receive chemotherapy until stable “conversion” 
of the urine was obtained. If the desired results with the above chemotherapeutic agents 
were not obtained after six months, the patient was also given isoniazid in combination 
with streptomycin and/or PAS 
Following discharge from the hospital, the patients were placed under the care of 
medical officers for urine tests with guinea pig inoculations 
There are sixteen diagrams, four tables, eleven figures, and two hundred and ninety- 
five references 
M. Sierp 
New York, New York 
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RONTGENANATOMISCHE GRUNDLAGEN DER LUNGENUNTERSUCHUNG. By F. Kovats, Jr., 
and Z. ZsebOk. Pp. 287, with illustrations, Akademiai Kiado, Budapest, 1953 
LunG Cancer. By Seymour M. Farber. Pp. 162, with illustrations, Charles C Thomas, 
Springfield, Illinois, 1954, Price, $4.75 

BCG Vaccination In Eaypr, 1949-1952, with special reference to Statisties on BCG 
Vaccination and Pre- and Post-Vaecination Allergy. Pp. 55, The International 
Tuberculosis Campaign, UNICEF, 24 Rue Borghése, Neuilly-sur-Seine, France, 
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American Trudeau Society 


Medica! Section of the National Tuberculos’s Association 


Report of Tenth Pembine Conference 


The annual Pembine Therapy Conference was held at the Four Seasons Club, Pem 
bine, Wisconsin, on September 11, 12, and 13, 1953. Minnesota and Wisconsin were 
represented by fifteen conferees each, and Michigan by twenty conferees. The ten guests 
from outside the tri-state area were: 
Oscar Auerbach Kast Orange, N. J. 
John B. Barnwell Washington, D. C. 
David A. Cooper Philadelphia, Pa. 
Roberts J. Davies Seattle, Wash 
Fred J. Jarvis Seattle, Wash 
William M. Lees Chicago, Il. 
Kdward L. Ross Winnipeg, Man. 
Paul C. Samson Oakland, Calif. 
Jesse A. Stocker Springfield, Ill. 
James J. Waring Denver, Colo 

Drs. Davies and Jarvis were the guest presenters. There were no formal papers this 

year 

The major section of the Conference was the presentation by selected hospitals of 
fifty consecutive admissions on and after July 1, 1952. These hospitals were: 

Michigan — Pinecrest Sanatorium, Powers 

Minnesota--Glen Lake Sanatorium, Oak Terrace 

Wisconsin State Sanatorium, Wales 

Ciuest Firland Sanatorium, Seattle, Wash. 
There was a deviation from past years in that the hospitals selected were not comparable 
in size but, instead, served differing types of population areas and were operated under 
different governmental units. However, the four series of cases were quite comparable 
with respect to patients and to the extent and variety of pathology. 

The differences between the series proved to be stimulating and to emphasize many 
problems which have not been resolved. Some of these have a definite bearing on therapy. 
The large hospitals have well-rounded staffs and carry out all phases of the treatment, 
whereas the smaller hospitals frequently must transfer patients for many specialized 
procedures 

There was a more conservative attitude toward therapy than had existed at previous 
Conferences. Less stress upon resectional surgery and greater emphasis upon prolonged 
chemotherapy were evident. These combined to give a more critical aspect to the Con- 
ference. The questions that recurred during the presentations were: 

How long should drug therapy be continued? 

How much ean bed vest be modified with chemotherapy ? 

What types of lesion should be resected, what types might be treated by other 
surgical procedures, and what types can be left alone? 

The majority of the Conference believed that combinations of two drugs were ade 


quate and desirable, since there is no evidence that combinations of three or four drugs 
produce significant differences. Most conferees preferred to have effective drugs in re- 
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serve for emergency use or for those patients showing clinical resistance to previously 
used agents. Therapy with multiple drugs presents added problems when toxic manifes 
tations appear. Combinations of streptomycin with para-aminosalicylic acid or with iso 
niazid were used most commonly. Isoniazid was considered a major therapeutic agent, 
its place in therapy being enhanced steadily by experience 

The trend definitely was toward more prolonged therapy. Six to eight months of 
therapy before surgery was favored in the average case. The over-all period of drug 
therapy varied from one year to “as long as the patient will accept it.” The majority 
considered eighteen to twenty-four months as probably adequate. It was apparent that 
considerable uncertainty existed on this point. There was a stated willingness to over- 
treat, rather than risk inadequate therapy. 

The predominant surgery in all of the series was resection. The Conference, however, 
was much more critical this year, particularly in cases of limited involvement. This could 
be related directly to the changing attitude toward prolonged drug therapy. All agreed 
that a critical review of operated cases, with an adequate control group, was needed to 
establish more definite indications for resection. There was not much question about 
resecting extensive areas of destroyed lung; there was considerable question about re- 
moving small, nodular lesions 

The medical members felt they should have more say in the selection of cases for sur 
gery. The surgeons countered that the medical staff was prone to crowd the surgeons to 
accept extremely risky cases. The surgeons also felt that longer periods of bed rest post 
operatively were desirable. This and other discussions emphasized the need for the highest 
degree of cooperation. It was summarized quite well by one conferee who stated, “it is 
doubtful if the successful understanding and treatment of any disease other than tuber 
culosis is more dependent upon close correlation of clinical, surgical, radiological, bac 
teriological, pathological and physiological judgments.” 

There were three forms of tuberculosis which generated discussion concerning the 
therapy. Almost all agreed that tuberculous pleurisy with effusion should receive chemo 
therapy, with a year’s therapy being favored. Most agreed that demonstrable tuber 
culosis, either lymphatic or parenchymal, in children deserved intensive therapy. The 
Conference felt that tuberculosis in children was considered a more serious disease by 
phthisiologists than by pediatricians. There was considerable difference of opinion re 
garding the proper treatment of recent tuberculin “converters.”” One group held that 
such persons should be given chemotherapy on an ambulatory status, using isoniazid 
as the drug of choice. On the other side were those who preferred to wait and treat only 
those who developed clinical disease. As the discussions were based primarily upon opin 
ions rather than clinical experiences, no definite conclusions were reached 

The second portion of the Conference was an innovation. Twenty consecutive cases of 


pneumothorax initiated in 1943 and continued for more than one year had been presented 
by each of three hospitals at the 1946 Conference. These cases were again presented this 


year by the same physicians 

Michigan Northern Michigan Tuberculosis Sanatorium, Gavlord 

Minnesota —Nopeming Sanatorium, Nopeming 

Wisconsin Muirdale Sanatorium, Milwaukee 
It is remarkable that the current status of all these patients is known! Five of the cases 
were minimal; 36, moderately advanced; and 20, far advanced. Fifty-five of the patients 
are alive, with 3 classed as having active disease. Of the 6 deaths, 3 were from nontuber 
culous causes. This was a selected group in that all had had at least one year of continu 
ous pneumothorax, so more favorable results could be anticipated. They would not 
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reflect the over-all experience with the therapy. Several of the patients had surgical 
procedures subsequent to their pneumothorax 

The discussions were most interesting. Those who had extensive experience with pneu 
mothorax spoke approvingly of the procedure. It was pointed out that many of the serious 
complications of pneumothorax could be minimized now with antimicrobials. Other pro 
cedures used at present are more effective and satisfactory. The feeling was that pneumo 
thorax may have a place, but the place cannot be defined at this time 

The final group of cases presented from each state consisted of 10 cases of recurrence 
of disease after resectional surgery. Criteria for selection had been established. The 
cases selected were those showing roentgenographic exacerbations in the same lobe or 
the same lung in which surgery had been done, since the status of the disease at the 
time of surgery would be known. Reactivations appearing in the contralateral lung or 
manifested only by a “positive sputum" were acceptable. Considerable difficulty was en- 
countered by each state committee in accumulating its 10 cases. Very few of the re 
quested types were found. The ratio of these cases to the total of the operated cases was 
quite low 

The cases showing roentgenographic evidence of exacerbation most frequently dis 
played bacterial resistance or inadequate therapy. The latter included patients treated 
for only a few weeks or those whose therapy had been interrupted. Relapse in the ma 
jority of the eases was predicated upon positive bacteriology alone. These showed fre 
quently ulcerative changes in the bronchial stump. Most “converted” with continued 


therapy. A justifiable criticism was that other patients had received comparable therapy 


and had responded satisfactorily. No conclusions could be derived from this small series 
except that recurrence seems to be infrequent 
The next Pembine Conference was scheduled for September 10, 11, and 12, 1954 
Josern L. Michigan 
Arruur M. Ovsen, Minnesota 
Morris C. THomas, Wisconsin 
Chairman, Pembine Conference 
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Obituaries 
ORANGE V. CALHOUN 
1901 1953 


Orange V. Calhoun of Lincoln, Nebraska, died on November 3, 1953, after a very sudden 
illness at the age of fifty-two. He is survived by his wife, Marjorie T. Calhoun, his daugh 
ters, Jane Ann and Mary Lou, and his son David, his mother, and three brothers. He 
practiced medicine in the city of Lincoln, Nebraska, for nineteen years 

Dr. Calhoun was president of the Lancaster County Tuberculosis Society for two vears; 
was past president of the Lincoln-Lancaster Health Department, a member of the State 
and National Medical Associations, the Board of Internal Medicine, and the American 
Trudeau Society. In 1938 he was made a life member of the American College of Physi 
cians. He was a veteran of the Second World War and was in the Naval Reserve. He was 
a past member of the Board of Education; was active in the Lincoln Chamber of Com 
merce, Rotary, Candlelight Club, Social Welfare Society, University Club, and Country 
Club. He was a collector of rare medical books 

Dr. Calhoun was born in Birmingham, Lowa, February 6, 1901. He received his Bachelor 
of Science degree from Lowa Wesleyan University in 1926, did graduate work later at 
Johns Hopkins University, received his Doctor of Medicine degree from Western Re 
serve University in 1932, and interned at Lakeside Hospital. At the time of his death he 
was Chief of the Medical Service at the Veterans Hospital in Lincoln, Nebraska 
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JOSEPH H. SCHULTZE 
1907-1953 


Joseph H. Schultze of Birmingham, Alabama, diel of coronary thrombosis on Septem 
ber 3, 1953, at the age of forty-six. He was a native of Fort Mitchell, Kentucky. He re 
ceived his Bachelor of Science degree from the University of Dayton, and, in 1934, his 
Doctor of Me licine degree from the University of Louisville. He became interested in 
the tuberculosis problem while a student at the University of Louisville. After serving as 
a captain in the Medical Corps during World War II, he returned to his first interest, 
and became a member of the American Trudeau Society. He served on the staff of Amet 
ican Legion Hospital, Battle Creek, Michigan; Marianna Tuberculosis Sanatorium in 
Marianna, Florida; the Mississippi State Sanatorium in Sanatorium, Mississippi; and, 
at the time of his death, was Assistant Superintendent of the Jefferson Tuberculosis 


Sanatorium, Birmingham, Alabama. 


BENJAMIN E. GOODRICH 
1900 1953 


Benjamin FE. Goodrich received his medical degree in 1926 from State University of 
lowa, College of Medicine. He was a Fellow in the American Medical Association; a 
member of the Central Society for Clinical Research, the American College of Chest 
Surgeons, and the American Trudeau Society; a Fellow of the American College of Phy 
sicians and Diplomate of the American Board of Internal Medicine. He served during 
World War I and World War IL. He died in Pleasant Ridge, Michigan, June 15, 1953, 


at the age of fifty-three of coronary occlusion. At that time he was Chief, Pulmonary 
Division, Henry Ford Hospital, Detroit, Michigan. 
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LOREN L. COLLINS 
1890 1953 


Loren L. Collins, of Edwardsville, Illinois, born in Wilkes-Barre, Pennsylvania, Octo 
her 24, 1S90, died May |, 1953 at the age of sixty-three. He received his medical degree 
in 1925 from the University of Illinois, College of Medicine, Chicago. Dr. Collins obtained 
his license in 1925. He was resident physician at Minneapolis General Hospital, resident 
in pediatrics at Illinois Research Hospital, staff physician at Chicago Municipal Tuber 
culosis Hospital, and medical director of LaSalle and DeKalb Counties Tuberculosis 
Sanatoria. He was past president of the Mississippi Valley Trudeau Society, was a Fellow 
of the American Medical Association, and a member of the American Trudeau Society. 
His professional activities were in the field of pulmonary diseases. At the time of his 
death he was medical director and superintendent of Madison County Sanatorium, Ed 


wardsville, Illinois 


CHARLES McCHRISTIE HENDRICKS 
1878 1953 


Dr. Charles MeChristie Hendricks of El Paso, Texas, died of cancer on December 9, 
1953, at the age of seventy-five. He received his M.D. degree in 1905 from Medical 
College of the University of Ohio, Cincinnati, Ohio. He was made an honorary member of 
the Texas Medical Association in 1952, with membership since 1908. He was past presi- 
dent of the El Paso County Medical Society, chairman of the Committee on Tuberculosis 
of the Texas Medical Association, a member of the American Medical Association, and 
past president of the American College of Chest Physicians. In 1948 he was awarded its 
medal for furthering progress in the field of diseases of the chest. He was a member of 
the American Trudeau Society, an honorary life member of the Pan American Medical 
\ssociation, a member of the United States Committee of World Medical Association, 
director of Research and Education Council of College of Chest Physicians, and execu- 
tive director of the Common Cold Foundation. He was the first editor of Diseases of the 
Chest and former medical director of Baldwin and El Paso sanatoriums and Hendricks 
Laws Sanatorium, which he founded. He practiced medicine in El Paso for forty-six 
years 

\ colonel in the United States Army Reserve Medical Corps, Dr. Hendricks served 
during World War Las a lieutenant colonel with the Ninetieth Regiment in San Antonio, 
Europe, and with the Army of Occupation in Germany. He was a member of Phi Delta 
Theta fraternity, Sons of the American Revolution, charter member of El Paso Rotary 
Club, an honorary member of Kiwanis, a member of the Masonic Order, past chairman 
of the American Red Cross in El Paso, past president of the Gate Way Club, a founder 
of the Sun Carnival Association, and a member of the Presbyterian Church. His death 


brought deep sadness to his family, his associates, and his community 


ROBERT G. McCORKLE 
1892 1954 
Robert G. MeCorkle died on March 20, 1954, in San Antonio at the age of sixty-two 
He received his medical degree in 1916 from the Baylor University College of Medicine 
and served on the staffs of Santa Rosa, Robert B. Green, Mix Memorial, and Baptist 
Memorial Hospitals. He was a member of the American Board of Internal Medicine and 
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of the Texas, Southern, and American Medical Associations. He was a consultant in 
diseases of the chest at the \Army’s Brooke Medical Center, a member of the American 
College of Physicians, the National Tuberculosis Association, the American Trudeau 
Society, American College of Chest Physicians, a Fellow of the American College of 
Physicians, a director of the Texas Tuberculosis \ssociation, and one of the organizers 


and the first president of the Bexar County Tuberculosis Association. At the time of his 


death he was medical superintendent of The Woodmen of the World Tuberculosis Hos- 
pital and chairman of the San Antonio-Bexar County Tuberculosis Control Board. 
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Wedge resection of tuberculoma. 


To record motion as motion... 


Choose either of these famous l6mm, Cine-Kodak Cameras 
for brilliant, large-size ».reen reproduction. 


Cine-Kodak Royal Magazine 
Camera. Famous for ease and 
simplicity —loads with pre- 
threaded film magazines. En- 
closed optical finder for wide 
choice of Ektar Lenses. With 
fL9 Ektor Lens, it produces 
detailed pictures from as close 
as 12 inches. Price $169.50. 


Serving medical progress through Photography and Radiography 


Cine-K odak Special Il Camera. 
World's most versatile 
motion-picture comera. Ac- 
cepts wide variety of Kodok 
Cine Ektar Lenses. Reflex finder 
for exact sighting. interchange- 
able film chambers for ready 
film supply. Priced from $990 
depending upon lenses and 
100- or 200-foot Film 
Chomber. 


HETHER you require the factual re- 
cording of a surgical technic or a study 
of the motion pattern of a convalescent pa- 
tient, a Kodak motion-picture camera can 
give you sharp, clear details—black-and- 
white or color. 
For further information see your Kodak 
dealer or write for literature: 
EASTMAN KODAK COMPANY 
Medical Division, Rochester 4, N.Y. 


Complete line of Kodak Photographic Products for the 
Medical Profession includes: comeras and projectors — still- 
and motion-picture; film—full-color and black-and-white 
(including infrared); papers; processing chemicals; micro- 
filming equipment and microfilm. 


Prices include Federal Tax where 
applicable and are subject to 
change without notice. 
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new instruments for 


Cardiac Surgery with 
non-traumatic ATRAUGRIP jaws’ 


Now the cardiac surgeon has the working 
advantages of fine, perfectly balanced Pilling- 
made instruments plus the new, noncutting, 
non-traumatic ATRAUGRIP jaws. 


Two rows of finely serrated teeth on one 
blade and one row on the other, each set ina 
separate parallel plane, provide a grip which 


GLOVER AURICULAR 
APPENDAGE CLAMP 


GLOVER COARCTATION 
CLAMP 


will not slip despite high intravascular pres- 
sures Of intricate Operative procedures. The 
surgeon is assured a firm grasp of tissue or 
complete occlusion of blood vessels without 
danger of crushed or perforated vascular walls 

Write Pilling for data on other instruments 
for cardiac surgery. 


GLOVER PATENT 
DUCTUS CLAMP 


Th2261 straight 


Th2251 straight 
Th2256 angular 
Th2275 curved 


Th2089 
Th2266 angular 


*Pat_ No 2668538 
THE AUTHENTIC INSTRUMENT IS AVAILABLE ONLY FROM PILLING—ORDER DIRECT: 


GEORGE P. SON CO. 


3451 WALNUT STREET, PHILADELPHIA 
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Paraminose (Parenteral Sodium 
para-Aminosalicylate, Hyland) 
provides a rapid-acting form 
of PAS for attainment of high 


serum and cerebrospinal fluid levels. 


PARENTERAL PAS 


(HYLAND) 


INDICATED 

when high serum and cerebrospinal fluid 
levels are desired, as in miliary tuberculosis, 
tuberculous meningitis, and immediate 

pre- and post-operative periods. 

when there is gastrointestinal intolerance 
of therapeutic oral dosage. 

when patient is non-cooperative or 
unable to take oral medication. 

for combination with oral dosage to 
attain high serum level. 


Supplied in 50 ce. vials... 

each containing dried PAS Sodium 
equivalent to 5 Gm. PAS. Sterile, 
non-pyrogenic, Reconstitutes readily for 
transfer to administration bottle. Restore 
with sufficient diluent to provide a 
concentration not over 3 per cent. 


HYLAND LABORATORIES 
4501 COLORADO BLVD., LOS ANGELES 39, CALIF. 
248 SOUTH BROADWAY, YONKERS 5, NEW YORK 


10 THE AMERICAN REVIEW OF TUBERCULOSIS 

* 

ACCEPTED 
44/4 BA | 


‘PASMED’ SODIUM 


INTERMEDICO BRAND OF 


"SODIUM PARA AMINOSALICYLATE 
TABLETS 0.5 GM. 


NOW AVAILABLE 


TABLETS PASMISON 
Each BUFFERED tablet combines 
SODIUM PARA AMINOSALICYLATE 0.5 GM. 
and ISONIAZID 12.5 MG. 


Write for samples ond literature 


INTERMEDICO CORP. 


118 CHERRY LANE, FLORAL PARK, N.Y. 


IMPORTANT ANNOUNCEMENT 


THE AMERICAN REVIEW OF TUBERCULOSIS has made available to its readers a 
section devoted to classified advertising pertaining to positions available and wanted. Since 
there have been so many requests for this type of service in the tuberculosis field, the 
Editorial Board of THE AMERICAN REVIEW OF TUBERCULOSIS decided to include 


a classified section at a nominal! charge for each entry. 


* Cost per advertisement of 25 words or less will be © Post Office Box numbers will be an additional 75 
$5.50, additional words 15 cents each. cents per advertisement. 


* Bold Face Semi-display will be $5.00 per inser- ; q ; 
tion for 25 words or less, additional words 20 * Address all classified advertisements, with check or 


cents each. money order enclosed, to: 


THE AMERICAN REVIEW OF TUBERCULOSIS 
280 MADISON AVENUE NEW YORK 16, N. Y. 
Murray Hill 5-8140 
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THE AMERICAN REVIEW OF TUBERCULOSIS 


ECONOMICAL 


ADMISSION X-RAY PROGRAMS 
made possible by Fairchild 70-mm cameras 


Fairchild 70-mm x-ray cameras, used in 
connection with photofluorographic equip- 
ment, provide the easiest and most eco- 
nomical method of carrying out a com- 
plete admissions x-ray program — because 
of their rapid, automatic operation and 
fractional film costs. As a result, these 
cameras have become the “standard” for 
mass chest radiography. The 70-mm nega- 
tive is adequate for direct viewing; magni- 
fication viewing is available if desired. 
Suspected positive cases (which have been 
found to average between 8 and 10 per 
cent of all hospital admissions) would 
normally be retaken on 14 x 17 film by the 


hospital radiologist. 


Report of the Council of Tubercu- 
losis Committees, American College 
of Chest Physicians. April, 1951 


. . . We alse urge routine chest 
x rays of all ad ' 9 1 
hospitals. The value of this hos 
been demonstrated in several lorge 
hospitals throughout the country 
where unrecognized cases of tuber- 
culosis and other chest conditions 
are being discovered.” 


The completely automatic operation of 
the Fairchild Roll Film Camera permits 
one technician to radiograph up to 150 
chests per hour. For smaller hospitals the 
Cut Film Camera offers identical high neg 
ative quality at lower initial investment 
Fairchild’s 70-mm cameras are available 
on all leading 70-mm hospital admission 
units and can be adapted to many existing 
installations. The cameras are uncondition- 
ally guaranteed for one year, and are 
backed by 


further 


Fairchild factory service. For 


information consult your X-ray 


Fairchild 
Camera and Instrument Corp., Robbins 
Lane, Syosset, L. 1., N. Y., Dept. 160-358, 


equipment supplier or write 


/RCHILD 


X-RAY EQUIPMENT 
AND ACCESSORIES 
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Florida Opportunities 
FOR 


Qualified Physicians 


Staff Positions for Both 
Junior and Senior Physicians in Four 
Modern Tuberculosis Hospitals 


Modern Antibiotic and Drug Therapy em- 
ployed together with advanced techniques in | 


chest surgery. 
BEGINNING SALARIES 


Junior Physician 
Senior Physician 


PLUS 
Furnished Home or Equal allowance. 
PLUS 
after Ten Years of Service. 


If you are interested in one of the following specific 
locations,* please write directly to the Medical Direc 
tor for additional information 

Bensamin L. Brock, M.D., Medical Director 

Central Florida Tuberculosis Hospital 

P. O. Box 3513, Orlando,* Florida 


karned Retirement 


M. Dierricn, Medical Direc 
tor, Southwe at Florida 7 ube rculosis Hospital 
1000 West Kentucky Avenue, Tampa* 7, Florida 


». C. Mannt, M.D., Medical Director 
W. T. Edwards Hospital 


2323 Phillips Road, Tallahassee,* Florida 


Wittiam L. Porrs, M.D., Medical Director 
Southeast Florida Tuberculosis Hospital 
P. O. Box 1411, Lantana, Florida 

(Near West Palm Beach*) 


If you are interested in general information, write to: 

Henry C. Sweany, M.D., Chief Medical Direc- 
tor, State Tuberculosis Board 

1000 West Kentucky Avenue, Tampa 7, Florida 


ENJOY YOUR WORK AND PLAY IN THE 
NATION'S BEST CLIMATE 


NAPT 


FOURTH COMMONWEALTH 
HEALTH 
AND TUBERCULOSIS 
CONFERENCE 


* 


Royal Festival Hall, London 
21st to 25th June, 1955 


* 


Lectures. Discussions. Clinica! 
Meetings. Visits to Sanatoria, Art 
and Occupational Therapy Dis- 
plays, Scientific and Trade Exhibi- 
tions 


* 
Details from: 
National Association for the 


Prevention of Tuberculosis 
Tavistock House N., Tavistock Sq., 
London 


POSITIONS AVAILABLE 
AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $5.00 per in- 
sertion for 25 words or less; additional words—20 cents 
each. Bot number—75 cents extra. Employment Bu- 
per column inch. Remittance should ac- 
company copy and be sent to: American Review of 
Tuberculosis, 280 Madison Ave.. New York 16, N.Y. 


POSITIONS AVAILABLE 


Staff Physician wanted July 1, 1954-—Modern 250-bed tubercu- 
losis hospital north central. Starting salary $6,000 annually in 
addition to full family maintenance including modern three- 
bedroom cottage, Box #135, American Review of Tuberculosis, 
280 Madison Avenue, New York 16, N. Y¥ 


FOR SALE 


For Sale: Westinghouse Vertical Fluoroscope, excellent condition, 
stored in York, Pa. Price, $750. Write J. H. Perry, M.D., 218 
Orin Street, Pittsburgh 35, Pa. 
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Pennsylvania Pioneers 


AGAINST 


Tuberculosis 


By Esther Gaskins Price 
294 Pages Cloth Bound $5.00 « Copy 


In this fully documented volume, there are brought together for the first time 
the stirring facts about the inception, development, and fruition of one of the most 
successful health crusades in history. 

When this crusade started, tuberculosis was claiming human lives at the rate 
of more than 20,000 in a single decade in Philadelphia alone. Popular superstitions, 
medical conservatism, the hostility of landlords, industrialists and politicians, were 
some, but by no means all, of the difficult road blocks which confronted the pioneers, 


Original Sources 

Utilizing the proceedings of some of the most important medical meetings of the 
19th century—the archives of the Pennsylvania Tuberculosis and Health Society 
and public health departments, newspaper files, and family records—PENNSYL- 
VANIA PIONEERS AGAINST TUBERCULOSIS gives the historic details of the 
long drawn out battle waged by pioneers in the tuberculosis control movement. 

This battle, spearheaded by Lawrence Flick and a small but forward-thinking 
group of earnest co-workers, finally led, among many other specific results, to the 
creation of the original tuberculosis society in the United States and the establishment 
of the first institution in medical history to concentrate on the prevention and treat- 
ment of a single illness. 


Readers of the American Review of Tuberculo, ‘s will find in this book 
interesting and valuable background data, never before available, covering 
the critical period in which effective health control measures first began to 
assume their present shape. 


Send your order today to: 
National Tuberculosis Association, 1790 Broadway, New York 19, N.Y. 
Additional postage outside U.S. and Canada, 50 cents a copy. 
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ASSURES INTAKE OF 


Each BUFFERED PARASAL-INH toblet ees BOTH PAS AND INH 
contains 0.5 Gm. PAS ond 12.5 mg. INH 


BUFFERED PARASAL-INH = PARASAL-INH therapy both diminishes 
and postpones development of resistance. 


24Teblets = 

ECONOMICAL and CONVENIENT because 
40% FEWER TABLETS are required. 17 
BUFFERED PARASAL-INH tablets re 
place 28% tablets (24 tablets sodium PAS 
0.5 Gm. plus 4% tablets INH 50 mg.). 


WELL TOLERATED because UNIQUE 
BUFFER incorporated in each tablet vir- 
tually prevents GI upset even in cases in- 
tolerant to ordinary sodium PAS. 
Sodium and sugar free. 
Write for samples, literature, complete information 


340 CANAL STREET, N.Y.13, N.Y, 


© 1953 The Panray Corp.. New York 
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